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SUMMARY

The original Space Shuttl,_ concept envisioned a minimum size fleet of fully reusable
first and second _tage rocket p_wered launch vehicles to carry a large_ number of
payloads to orbit each year. This concept, entirely different I_,hanprevious launch
vehicles, imposes new requirements on the servicing disconne._ts (umbllicalsl.

Firnt of ftll j th_ umbilical hardware must be reusabl¢_. Thl_ includen protection from
the environmentn of on,no exhaunt _d reentry heating as well as from contamination
carried by th_ air. It al_o hlcludes dc_i_ featu_c_ making refurbisluncnt rapid and
J.nexponsiv_.

Secondly, the umbilical_ mu_t be oa_ily and rap|.dly engaged. Tltis includes reducing
the number of servicln_ disconnects to a minimum, combining them into a m/_lmum
number of integral carriers, veducin_ the weight and complexity of tim carriers, and
providing built-in handling means to allow rapid engagement without additional equip-
mont, and with a minimun_ of personnel. This rapid cn{_agement with a minimum of
personnel is necessary in order to minimize impact on the rapid ground turnaround
and minimum crew size inherent in the basic Space Shuttle concept.

Thirdly, and again to minimize ground turnaround time and ground crew, the engage-
ment of umbilicals must be easy to verify. This includes visual checks, leak checks
of fluid and gas couplings, and continuity checks of electrical disconnects.

And last, but not least, the inherent reliability of the umbilicals must be increased.
At this point in time this last item must be Judged on a qualitative basis. Certainly,
reducing the number of disconnects, using a minimum number of carriers, and making
the maximum number of disconnects pre-flight (rather than in-flight) are steps in the
right direction on a qualitative analysis basis.

For this study, a specific Space Shuttle configuration was chosen for definition of
umbilicals; i.e., the B9U booster configuration of the Convair Aerospace Division of
Genei'al Dynamics and the 161C orbiter configuration of North American Rockweil.

Both of these vehicles were fully reusable fly-back stages using LOz/LH 2 main pro-
pulsion propellants. More specifically, the study centered on the booster fuel dis-
connect (umbilical) panel and the orbiter t_tegrated umbilical carrier that contained
20 servicing couplings, all of which could be disconnected prior to engine start. The
booster fuel disconnects are required to be connected to maintain ground control and
to dram propellants in the event of an on-pad abort. Rather than introduce an addi-
tional failure mode associated with having to re-engage the disconnects remotely, they _,
are to be disconnected by vehicle motion at lift.off.

xi
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Since the orbiter services being considered need not be connected in the event of an
abort, this umbilical carrier has been defined as a preflight umbilical. By discon-
necting and verifying disconnect prior to committing to flight, a critical failure mode
is _liminated.

This study was conducted in four basic phases: 1) literature and hardware examina-
tion; 2) concept development; 3) concept evaluation arm tradeoff analysis; and 4) selected
coneo'pt design.

The concept _e!eetod for design for the booster fuel panel _neorporates the following
_alient featurem

a. The ooupliugo are rifleoff type and flepara.to in tim direction of flight ao a direct
result of veMolo motion.

b. The couMiug$ incorporate dynatnio slip _oal_ to accommodate vortical relative
motion of the vehicle due to wind, propellant loading, _ngino firing, and cutoff
(abort).

c. Hazardous fluid couplings incorporate dual seals to enable leak verification and
to conduct primary seal leakage to safe disposal.

d. The ground carrier is powered up and down with screw Jacks to allow retraction
during vehicle erection onto the launcher and to rapidly engage the carrier, in=
eluding all of the couplings and disconnects, after vehicle erection.

e. The carrier has built-in lateral freedom of motion with guide pins to align it to
the vehicle carrier during engagement. The lateral freedom also allows tracking
of vehicle horizontal relative motion due to wtndt propellant loading, engine flringp ".
and cutoff (abort).

f. The ground carrier has a pneumatically actuated blast shield to protect it from
engine exhaust during launch.

g. The couplings have individual debris protection poppets to limit the contamination
from particles borne by the air to the immediately accessible portion of the dis-
connect for ease in refurbishment.

h. The couplings and adjacent lines incorporate provisions for automation of the leak
check verification task.

The concept selected for design for the orbiter integrated umbilical carrier incor-
porates the following salient features:

J

• i

_ a. The couplings are ball and cone (seal design) type and separate in a direction per-
pendioular to the direction of flight.

i !
b. All coupling_ are contained in a single carrier that is attached to the vehicle by a

! single locking device. None of the couplings incorporate individual locking devices.

_: all

!_r_:,7 "_ , ° ° '_ ....................... _.... _" ""_ ='°' 77 =_
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c. The locking device is a collet designed to allow it to be locked with the carrier

he_.d far enough away from the vehicle so that the couplings are not touching.

d. A manually operated gear-driven system translates the locking device and four
corner guide pins to maintain the ground carrier in alignment with the vehicle

carrier while the carrier and al._lcouplings are engaged simultaneously.

e. A spring counterbalanced boom system provides support of the dead weight _ the
ground carrier _ couplings, and attached hoses during manual engagement of the
buide pins and collet locking device.

f. The counterbalanced boom also supplies pneumatically derived forces to retract

the ground carrier away from the vehicle after coUet release and carrier ejection.
Ejection is by pneun_tic cylinders in the carrier guide pins.

g. The couplings have individual debris protection poppets to limit the contamination
from particles borne by the air to the immediately accessible portion of the dis-
connect for ease in refurbishment.

The.detail design goal has been to reduce the time required to engage and verify all of
the Space Shuttle umbilicals to an elapsed time of less than one hour, while at the same
time reducing the number of personnel required to a minimum.

xiii
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SECTION 1

INTRODUCTION

This docume_Lt reports the activities of a technology study conducted by the Convair
Aerospace Division of General Dynamics Corporation (GDCA) and funded by the

Kennedy Space Center of the National Aeronautics and Space Administration (NASA

KSC). This study contract, NAS10-7702, was entitled Umbilical Connect Techniques
Improvement, and covered the period from 1 July 1971 _hrcugh 1 May 1972.

The stated objective of this study was to develop concepts, specifications, designs,

techniques, and procedures capable of significantly reducing the time required to
connect and verify umbilicals for ground services to the space shuttle. The desired
goal was to reduce the current time requirement of several shifts for the Saturn V/

Apollo to an elapsed time of less than one hour to connect and verify all of the space
shuttle ground service umbilicals.

The study plan for this task was divided into four phases:

• Literature and Hardware Examination

• Concept Development

,i • Concept Evaluation and Tradeoff Analysis

• Selected Concept Design

The literature and hardware examination phase consisted of detailed reviews of draw-
ings, specifications, procedures, unsatisfa_ory condition reports, and hardware.
Primary emphasis was placed on Saturn IB/&pollom Saturn V/Apollo, Atlas/Centaur,
and Titan HIC. In addition, interviews were conducted with operations personnel

directly associated with umbilic-I hardware on the above mentioned programs.

These reviews were conducted with the purpose of understanding the good and bad
features of current and past umbilical hardware. With this understanding, the foUow-
ing three phases of the program were enhanced. The results of these reviews are

presented in tabular format in Section 3, Literature and Hardware Review.

The concept development phase generated candidate umbilical concepts for the follow-

ing ca*_egories of components, subsystems, and handling systems:
)

• Couplings ,_

Cryogenic i

High Pressure Pneumatic and Hydraulic

Low Pressure Pneumatic, H20 Glycol and JP-5
1-1
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• Locking and Release Devices

• Engaging Mechanisms

• Electrical Connectors

• Booster Umbilical Carriers

• Booster Umbilical Handling Concepts (3)

• Orbiter Umbilical Handling Concepts (3)

In order to provide a baseline for these Concepts, a requirements document wa._ pre-
pared based on the North American-Rockwell/General Dynamics - Convair Space
Shuttle configuration that was current as of the beginning date of the study contract.
The particular vehicle designators used were B9U for the booster, and 161C for the
orbiter. One of the initial program ground-rules established was that this study plan
would not respond to.perturbations or variations in space shuttle evolving configura-
tions.

The requirements further reflect a narrowing of scope to a consideration of only a fuel
(LH2) umbilical disconnect panel for the B9U booster and an integrated preflight um-
bilical discomlect panel (including both LO2 and LH2) for the 161C orbiter. While the
handling and carrier concepts were generated for these two applications only, other
applications and transferability of results were kept in mind to avoid deadended con-
figurations.

The particular umbilical requirements which were generated for use are presented
_. in Section 2, Requirements for Servicing Disconnect Concepts, The candidate con-

cepts generated for evaluation are presented in Section 4, Concept Development. The
concepts presented do not contain detail dimensions or analyses. They were developed
only to the extent necessary to allow evaluation and tradeoff. ..........

,, The concept evaluation and tradeoff analysis phase examined the various concepts
generated in the concept development phase. This comparison was accomplished in
matrix fashion by establishing the evaluation parameters (criteria) and weighting fac-
tors.. Each of the concepts were evaluated on a comparative basis and the evaluation
factors were totaled to arrive at final recommendations for the co_cepts. The results
of this analysis are presented in Section.5_ Concept Evaluation and Tradeoff Analysis.

Section 6, Selected Concept Requirements Definition provides a summary of the evalua-
tion factors determined in Section 5m and indicates the various concepts selected for

more detailed design, This summary illustrates the optimum design features that
should be attained in the design. This section also provides an amplification of the

salient features of each of the selected concepts. While this report does not contain

1-2
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the detail design drawings completed during the selected concept design phaset Appen-
dices A and B list the numbers of the drawings which are available under separate
cover. Appendix C contains pretinent calculation sheets.

GDCA was assisted in this study effort by the Florida Operations of Chrysler Corpora-
tion under Subcontract Number t'O-70-00004. This subcontract covered the same
l_riod as the NASA KSC study contract.

1=3

-rJ
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SECTION 2

REQUIREMENTS FOR SI_I{VICING DISCONNECT CONCEI_I_S

2.1 BOOSTER SERVICING DISCONNECT PANEL REQUIREMENTS

The services required in a typical booster fuel servicing disconnect panel are pre-
sented lnTable 2-1.

Table 2-1. Servicing Disconnect Panel Requirements

Nominal

Item Nominal Operating

No. Description Size Conditions
J

1 LH2 Fill and Drain 10 in. 90 psig

2 Hydrocarbon Fuel Fill and Drain 2 - 3 in. 150 psig

3 GH2 Fill (attitude Propulsion System 1 in. 1000 psig
Accumulator & Prepressurization)

4 GHe Fill 1 in. 3700 psig

5 GN2 Ground Purge Vehicle Cavities 4 in. 150 peig

6 Electrical Ground Power LH 2 - - 24 kW l16V
Recirculation 400 Hz 3 phase

7 Data Bus 12 - No. 12

8 Electrical Ground Power Avionics - - 40 kW 115V

400 Hz 3 phase

9 Hydraulic Pressure 2 in. 2300 psig

10 Hydraulic Return 2 in. 2300 psig
Jll , , ii i , i

2.2 BOOSTER DESIGN REQUIREMENTS

The following are design requirements that apply to a typical booster fuel servicing

disconnect panel: i

a. Temperature. (maximum, during boost and reentry). Base heat shield
area = 2210°R; tail area, fuselage above wing = 1110°R.

b. Redundancy. ARer lift-off initiation - Fail Operational/Fail Operational for
critical functions. Prior to liftoff - Fail Operational/Fail Safe with failure

!detection.

2-1

•_ ,, { qo

00000001-T3C05



NAS 10-7702

e. Alignment. Uncertainty in location and alignment of airborne dlsconnect_ with
respect to fixed launcher base prior to umbilical system engagement, _ 2.0
inches and _ 1/2 degree in any direction,

d. Relative Motion. Movement of the airborne disconnects with respect to the fixed
launcher base after system engagement and during transport, wind, propellant
loading_ engine start and cutoff, _ 1, 0 inch in any direction. This amount of
relative motion is based on the baseline Bgu booster com_lguration with a short,
stiff load path between the airborne umbilical carrier and the booster holddown
and release arms. The holddown arms and the support pedestal also are stiff
structures. It is recognized that other booster configurations might result in a
requirement to accommodate larger relative motions. Accommodating these
larger values can easily be done simply by scaling up the length of the disconnects
and allowing greater sidewise freedom in the parallelogram linkage for the panel
carrier.

e. Disconnect pressures. Internal fluid pressure and electrical power removed before
disconnect. _xcept for hydraulic disconnects,)

f. Leakage. Provide leak detection of primary dynamic seals. Provide disposal of

H2 and JP dynamic seal leakage

g. Icing. Cryogenic connector critical areas shall be protected to prevent icing.
This may be accomplished either by insulating the coupling adequately to raise
the exterior surface temperature above the freezing point of the water vapor con-
densate, by purging the cold surfaces with an inert, dry, and non-condensable
gas (such as nitrogen or helium), or a combination of these. The intent of this
requirement is to avoid the build-up of an accumulation of solid ice which has a
tendency to prevent coupling or carrier separation. It is further intended that
none of the couplings/carriers will require reconnect shortly after ejection. It
is therefore not required to prevent ice build-up on a coupling/carrier after
ejection.

. h. Purges. Provide inert environment in electrical connector.

i. Reusability. Provide heat and debris protection. Debris valves are not required
to provide fluid shutoff function.

J. Ease of connection and verification. Provide the design features necessary to
allow the fuel servicing dis_unect panel to be engaged and verified in less than
one hour and with a minimum of operatiag personnel. Verification includes a visual
check of the proper engagement, a leak check of all fluid and pneumatic coupUr_s
and a continuity and contact resistance check for electrical connectors. _

J

2-2
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2, 3 ORBITER SERVICING DISCONNECT PANEL REQUIREMENTS

The services required in a typical orbiter integrated umbilical carrier are presented
in Table 2-2,

Table 2-2, Typical Orbiter Integrated Umbilical Carrier
Coupling Requirements

Nominal

Item Nominal Operating

No. Description ` Size (in.) Conditions (p_ig I _

1 Power Generating System (PGS) 2 5

LH2 Vent No. 1

2 PGS LH2 Vent No. 2 2 5

3 PGS LH2 Fill No. 1 1 30

4 PGS LH2 Fill No. 2 1 30

5 Fuel Cell (FC) GH2 Purge Vent 1 5

6 JP-5 Fill 2 90

7 JP-5 Tank Pressure 1 150

8 FC H20 Vent 1/2 5

9 Environmental Control/Life Support System 1 150
(EC/LSS) Primary Heat Exchanger

(PHX) Supply (H20/Glycol)

10 EC/LSS PHS Return 1 150

11 PGS LO2 Vent No, 1 1 5

I2 PGS LO2 Vent No, 2 1 5

13 . PGS LO2 Fill No, I 1 150

14 _ LO2 Fill No. 2 1 150

15 GO2 Vent Aux Prop System Accumulator 1 150

16 GH Fill 1 3500e

17 FC GO2 Purge Vent 1/2 5

18 FC GO2 Purge Vent 1/2 5

19 EC/LSS SHX Supply 1 150

20 EC/LSS SHX Return 1 150
i i

2-3
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2.4 OR]_ITER DESIGN I_EQUIREMENTS

The foUowin_ are design requirements that apply t_ a typical orbiter intc_Tat_d umbili-
cal carrier:

a. Temperature. The mg_imum thermal protcctton system skin temperature ex-
pected during boost and reentry is approximately III0OR.

b. Redundancy. After Iift-off initiation (In-flight disconnect) fail operational/fail
operational for critical functions. Prior to lift-off (pre-flight disconnect) fail
operatt_al/fail _afe with failure detection.

c. Alignment. Uncertainty in location and alignment of _irbornc disconnects with
respect to swinff,-arm structure prior to umbilical ce_rrier enKagementt _ 3,.0
inches and _ 2 degrees in any direction.

d. Relative motion. Movement of the airborne disconnects with respect to the swing-
arm structure after umbilical carrier engagement and during transport, wind,
and propellant loading: _ 10 inches in either horizontal direction, + 2 inches up
and -8 inches down.

e. Disconnect pressures. Internal fluid pressure removed before disconnect.

f. Leakage. Provide leak detection of primary dynamic seals. Provide disposal of
hazardouscynamic seal leakage.

g. Icing. Cryogenic connector critical areas shall be protected to prevent icing.

h. Purges. Provide purges to separate carrier compartments to provide effective
separation of couplings carrying incompatible fluids and gases.

i, Insulation, Cryogenic connectors (LH2) shall be insulated to prevent the forma-
tion of liquid air.

J. Reuseability. Provide heat and debris protection., Debris valves are not required
to provide fluid sl_toff ftmctlon.

k, Ease of connection and verification. Provide the design features necessary to allow
the integrated umbfllcal carrier to be engaged and verified in less than one hour
and with a minimum of operating personnel. Verification includes a visual check
of the proper carrier locking and engagement and a leak check of all fluid and
pneumatic connectors.

--
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SE ETION 3

LITERATURE AND HARDWARE REVIEW

A literature and hardware review was conducted and is contained herein as
Tables 3-1 through 3-7. This data is self-explanatory and considered adequate
as presented, therefore, very little effort wa_ made to amplify on it.

The data presented in Tables 3-1 through 3-5 represents hardware design
considerations and reflects input from visual hardwar_ examination, drawing
and specification reviews, as well as discussions with NASA KSO launch
operations personnel. Table 3-6 presents the rationale used to determine
the useability for the Space Shuttle of the hardware listed in Tablo_ 3_1 th_'oug'h
3_-_. The data contained in Table 337 represents installation and checkout
procedure considerations and reflects input from written procedure reviews
as well a_ discusston_ with NASA KSC launch operations personnel. Field
trips were taken to launch complexes 36A _nd 36B (Atlas/Centaur} and 40 and
41 (Titan 3C) to discuss umbilical disconnect hardware and procedures.

An unsatisfactory condition report (UCR} summary tabulation for umbilical
carriers and fluid couplings was derived from a review of data recorded since
October of 1966 for Saturn IB and Saturn V vehicles and ground support equipment
(GSE). This tabulation is presented in Table 3-8. The recorded data lists
defects and/or failures classified as one of seven types. Each type is depicted
in a separate column. The seven types of defects/failures are: malfunction,
material, documentation, assembly, damage, contamination, and dimensional.
The parameters of each are as follows:

a. Malfunction. Leakage, failure of poppet to close, or failure of coupling
to function properly.

b. Material. Material defect, expired lifelimitatton of component, or expiredcure data of seal material.

e. Documentation. Cure date missing, name plate missing, quality control
paperwork missing, or record of previous usage not attached.

d. Assembly. incorrect assembly of component by manufacturer.

e. Damage. Damage incurred by component during fabrication, assembly,
handling, or usage.

f. Contamination. Component was contaminated when received from vendor or

after usage. Has resulted in damage to component in many cases.

g. Dimensional. Component parts out of tolerance.

3-1
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A total of 275 defect/failure reports are included in the tabuiation. The majority are
minor in nature. However mmany are repetitive to the extent that during review and
tabulation of the data it becomes quite evident that improvements are mandatory in
certain areas to assure more efficient, eeonominal, and reliable operations. The dis-
crepancies considered most serious me described _ the following paragraphs.

Contamination of most of the fluid couplings has bean a repetitive defect both upon re-
ceipt from the vendor and in user and has often resulted in damage to sealing surfaces.
The internal confi_tration of some couplings has provided a trap for forcign particles_
particularly under seals_ thus resulting in seal loak_e. Goal initial cleaning and handl_
ing procedures and conformance to packa_g specifications along with proper quality
control arc obvious methods for prevent_°lg contamination. Attention s,houid also bc
directed toward internal design confl_uration_ that minimize contamination traps. The
simplest do_l_n with the fewest parrot particularly moving partita will provide a bett_r
coupling desi_.,

A large number of defects are attributed to the method of assembly° Positive retention
of all component parts is of prime importance. Staking of retainer rings for retention
has been a problem area for a significant number of couplings and is not considered a
satisfactory method of retention.

The number of scratched and damaged sealing surfaces appearing as defects are attrib-
uted to two primary onuses. One is adequate protection during handling and the other
is a design configuration that allows the sealing surface to contact another metal surface
during mating of the coupling halves_ possibly due to mtsalignment. A coupling design
that prevents contact of the sealing surface against another metal surface during mating
and requires minimum engagement will preclude most damage.

O0000001-TSCIO
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Table 3-6. Rationale for SuitablliW of Exl_ting Hardware for Spac(_ Shut+l++ Umbilical_+

Type Part Number and Suitable for Rationale
Manufacturer SS?

i ' + + _III! __" • _L..+L,.,

UMBILICAL CARRIERS

Multiple 75M02840 No Not large enough for amount
Integrated 75MO2B41 of SS sQrvice_ required
Lacked to KSC in integrated panel.
Vahlcl_ Require,_ time reducing

faature_.
!_ ....... I .+_ i I .... ,+TZ+,_+_._---.... Jl L ........................ -:. _ ,++.+=_

Multlple 75M02049 No Not largo enough for amount
Integrated 65B64005 of SS _orviee._ required
Locked to KSC in integrated panel
Vehlclo Requlre_ time reducing

features.

Multiple 8G37-820030 No Not large enough for amount
Integrated MSC of SS services required
Locked to NAR in integrated panel.
Vehicle Requires time reducing

features.
• i ||i, i i ii ii i i i i J

Multiple S-IVB FWD No Too large and complicated
Integrated IA77953 alignment requirements.
Locked to I.U. Requires handling and
Vehicle lIZO0001 time reducing features,

MSFC
MAC/DAC

• ii lu l|Ul i iii I l, • i ,,,,,,,

Multiple 65B80001 No Too complex. Not adaptable
Integrated MSFC BAC for time reducing features.
Locked to 65_80002
Vehicle MSFC BAC

65B60003
MSFC BAC

i i ,,....... iiiiii i| ii ii i t I iii I ..... _i

individua% G7-820065 No Too heavy. Not adaptable
Locked to MSFC NAR for time reducing features
Vehicle G7-820064

MSFC NAR
Ill I I I III I I lull ± i Jllll j I t I

Individual 75M02130 No Increase in size to 10inches
Rise Off 75M02129 diameter pipe and connector

KSC and change in design concept
of mating vehicle part could
adapt the basic cqncept,

'.............. inlll ' i
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Table 3-6. Rationale for Sultabi_ty of Existing Hardware for Space Shu_le Umbilicals
(Continued)

Type Part Number and _i_ble Dr Rationale
Manufacturer 8B?

Individual 75M028_2 No Has Individual locking mech_
Rise Off anlsm which is not acceptable
Locked to for SS inteQrated _ervice_
Vehicle

Multiple 27-204]B No Basic concept is adaptab1_.
Ri_e Off Not sultabl_ in present

configuration because of
dl_Imilari_y in services.

Multiple IA74896 No Too far@e, heavy and complex.
Integrated MSFG Not adaptable for time re-
Locked to MAC/DAC duclng features.
Vehicle

Multiple G7 820041 No Too large, heavy and complex.
Integrated G1 822042 Not adaptable for time re-
Locked to MSFC duclng features.
Vehicle NAR
ml i i ii i i i i • .•i i

Multiple 65B80036 No Support and actuating mechanism
Locked to MSFC too heavy. Excessive initial
Vehicle BAC critical adjustments required

with close tolerances.
i in i

Indlvidual 55-06274 No Has indlvidual locking mech-
Locked to GD/C anism. Not adaptable,for
Vehicle 676-440 time reducing features.

G&H
, m. i

Individual 27-06172 No Has individual locking mech-
Locked to GD/C anism. Not adaptable for
Vehicle 562-700 time reducing features.

G&H
M im i i i i

Individual 27-04992 No _ Has individual locking mech-
Locked to GD/C anism. Not adaptable for
Vehicle 017069-1239 time reducing features.

Thru 1241 & Electrical connector insert
1042 thru may be adapted for use in
1044 Cannon integrated carrier.

i imli l .

Integrated GM100124-6 No- Has individual locking mech-
Locked to anism. Not adaptable for
Vehicle time reducing features.

Electrical connector insert
may be adapted for use in i
integrated carrier.

ii ....... i i ......

)
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Table 3-6. Rationale for Suitability of Extsting Hardware for Space Shuttle Umbllicals

(Continued)
ill IIF I I " -- _ II

Type Part Number and Suitable for Rationale
Manufacturer SS?

CRYOGENIC COUPLINGS
L • .......... : ...... - - ----

Ball All Yes Will require some redesi9n
and to adapt to rapid connect
Cone and vertfy requirements.

Pr_._,re LASL Yes Hill require some re(tes'lgn
Balanced, P/N to adapt to rapid connect
Vacuum Unknown and vertfy requirements.
J_cketed,
Bayonet

mR i i i j l I I

Bayonet, 55-21500 Yes Mtntmum _tme required. No
Vacuum Aeroflex additional insulation
_lacketed required. Long engagement

'is disadvantage.
Ilia I I I I I I I I I

Self Stratos No Has individual locking mech-
Locking antsm. Unreliable. Align-
Slip ment is critical and dtfft-
Coupltng cult to attain. Requires

additional insulation. Not
adaptable for time reducing
features.

ii i i i i i J ii ,

Self Chrysler No Has individual locktng mech-
Locking anism. Critical alignment
Sllp required. Unreliable. Hot
Coupltng adaptable for time reducing

features.
li I |i il I l • i .. i I. i i | I

Bayonet 27-80279 Yes Requires modification to
(Slip) GD/C incorporate debris protection.

ayonet . 27-29006 Yes Easily adapted for rise offSlip) GD/C disconnect carrier.
i ......

Self ME144-O011 No Has individual locking
Locking Royal Ind. mechanism.

i i J i i i i i i i ,

. Bay'onet 27-02248 Yes Easily adapted for rise off
(Slip) GD/C disconnect carrier.

310722
310723
Royal Ind. F

.... Bill .... i i i i i .... r i B III I I II a

Bolted GD/C No Has individual locking mech-
Flange antsm. Not adaptable fur

tlms reducing features. '_

3-16
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Table 3-6. Rationale for Suitability of Existing Hardware for Space Shuttle Umbflicals

(Continued)

Type Part Number and Suitable for RaUonaleManufacturer SS?

= , • ..

PNEUMATIC AND HYDRAULIC CONNECTORS
i

Self 10C01377 No Has Individual locking
Locking mechanism.
Bayonet

I , i, i

Pressure 65664001 Yes Requires modification to
Balanced Thru 64003 adapt to time reducing
and Purolator features• Rust remain
Unbalanced in carrier during engagement.
Bayonet

Bayonet 7851844 No Has individual locking
Self 7851861 mechanism.
Locking Calmec

1A49958
7851823
Purolator

i i

Self ME144-OOlO No Has individual locking
Locking Snaptite mechanism. ii

i |1

Slip HE273-0055 Yes Rust be adapted to remain
Bayonet Consolidated in carrier during engagement

Controls to reduce time,
i

Slip RE273-0016 Yes Rust be adapted to remain
Bayonet Royal Ind. in carrier during engagement

to reduce time.
i

Bayonet RE273-0013 No Not adaptable _or time
Royal Ind. reducing features.

ii i i i i ii i

Self 55-02126 No Has individ_a_ locking
Locking Wiggins mechanism.
Bayonet

H i i

Self 55-08111-1 No Has individual locking
Locking Thru - 23 mechanism.
Bayonet GD/C

i i i ,

Bayonet 55-08ll1 Yes Easily adapted for locking
-25 thru carrier.
-31

= i=

Bayonet 55-02110 No Has individual locking
Wiggins mechanism.

ir H iii i

Bayonet 27-08557 Yes Easily adapted for riss off
Slip GD/C carrier, l

' 3-17
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Table 3-6. Rationale for Suit_l_ty of Existing Hardware for Space Shuttle Umbilicals
(Continued)

Type Part Number and Suitable for Ra_onale
Manufacturer SS?

,,

Bayonet 27-20414 Yes Easily adapted for rise off
Slip 27-20415 carrier.

27-20416
Go/c

ELECTRICAL CONNECTORS
i i

Pin and 676-400 No Has individual locking mech-
Socket 676-300 anism. Not adaptable for

G&H time reducing features.
,

Pin and 55-06785 No Has individual locking mech-
Socket 55-06786 anism. Not adaptable for

6&H time reducing features.
i

Pin and 562-600 No Has individual locking mech-
Socket G&H anism. Not adaptable ior

time reducing features.
i

Pin and CS3106A-40-74S Yes Must be adapted to remain
Socket Cannon in carrier during engagement.
i i

Pin and MS3106R-18-1P Ne Not adaptable for time
Socket reducing features.

i ,,

Pin and CA3100R-40-10S Yes Must be adapted to remain
Socket 0 Cannon in carrier during engagement.

Pin and CA22520-5 Yes Must be adapted to remain
Socket Cannon In carrier during engagement.

! Pin and CA2225g-20 Yes Must be adapted to remain
Socket Cannon tn carrier during engagement.

llll i i

Pin and SC3100E-40-66P Yes Must be adapted to remain
Socket Bendix in carrier during engagement.

,, ,,, ,,, ,, , ,

Pin a_d 4OM30668 Yes Must be adapted to remain
S_c_et in carrier during engagement.

i i i i i i, m

Pin and 40M30672 Yes Must be adapted to remain
Socket CA2251]-0 in carrier during engagement.

Cannon
• | i i

Pin and MS3100E-40-gP Yes Must be adapted to remain
Socket in carrier during engagement. :

i i

Pin and CA22259-25 Yes Must be adapted to remain
Socket CA2251]-23P in carrier during engagement.

CA22259-166
6M-lO0596-I00
Cannon

i3-18
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Table 3-6. Rationale for Suitability of ExisUng Hardware for Space Shuttle Umbilicals
(Continued)

Type Part Number and Suitable for Rationale
Manufacturer SB?

Pin and PT06-10-6S-365 No Not adaptable for time
Socket reducing features.

.i v i i • i. i i

Pin and 0]7069 Insert Yes Rust be adapted to remain
Socket Cannon .in carrier during engagement.

Pin and GRlOO124-5 Yes Rust be adapted tJ remain
Socket Insert in carrier during engagement.

Cannon .

ECS CONNECTORS
j |l

Flat Face KSC No Not adaptable for time
4" Dia. reducing features.

ii

Self Jack & No Has individual locking
Locking Heinz mechanism.
6" Dia.

..... i.J

Flat Face 65B80148 No Not adaptable for time
5" Dia. MSFC/BAC reducing features.

Flat Face 65B80060 No Not adaptable for time
4" Dia. MSFC/BAC reducing features.

.,,..

Flat Face No Not adaptable for time
12" Dia. reducing features.

-- i i i i , i=

Flat Face 67-820600 No Not adaptable for time
4" Dia. MSFC/NAR reducing features.

ii ii ,m

Slip IA79377 No Not adaptable for time
Bayonet MSFC/DAC reducing features.
] 0"

i ill ,i

Slip llZ0000l No Not adaptable for time
Bayonet F/N 33 IBM reducing features.
S"

i ii i ..

Sli'p 8G37-820001 Yes Rust be adapted to remain
Bayonet RSC/NAR in carrier during engagement.
Rect.
3x4

ill i = i , ii i= i

Self 27-80318 Yes Must be adapted for carrier
Locking GO/(; locking and to remain tn ;
(Detent) 6" carrier during engagement,

i v ii Jl

Self Locking 55-80043 No Has individual locking
(Sea} lnfl) 4" GD/C mechanism. Not adaptable _

_ for time reducing features.

3-19

< -

• C, (_ o _ o L= _

00000001-TSE03



NAS 10-7702

Table 3-6. Rationale for Suitability of Existing Hardware for Space Shuttle UmbilicalB
(Continued)

Part Number Suitable for Rationale
Type and

Manufacturer SS?

Grommet and 57-08301 No Has individual locking
Groove 6" GD/C mechanism. Not adaptable

for time reducing features.
i

Grommet and 55-08312 No Has individual locking
Groove 4" GD/C mechanism. Not adaptable

for time reducing features.

Self Locking 55-81005 No Has individual locking
(Seal Infl) 8" GD/C mechanism. Not adaptable

for time reducing features.

3-20
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Table 3-7. Umbilical Connect and Verification Procedure Review

ii i i • iPgocIo TZJ FBMOHHBL
ZTDt Of FB£TIOHS +STEI_i (EST.) INto, ,Mq'D) IWAUJATION

i i i i i

S-lC Aft Umblllcals Installation . Aft Umb. Carriers weigh more than

(TSH) I, 2 6 ) I. Praparatlon 24 4 600 Ibs. each - require use of hoist.
2. Carrier Inst. 128, 3 winch and sling to Install.
3, Pneu. 8 Fluid Conn. 90* 3 Many adjustments and measurements
4. Elect. COnn. 96* required during Installation - some

5. 6" L0X S Fuel Coupling adjustments and measurements difficult
inst, 20 _ 2 to make duo to poor accessibility,

6. Sensor Switch AdJust. 1O* I Tolerances, in some cases, difficult
to maintain.

• Work platforms required for access to
carrier.

Verification All adjustments change after post-
I. Preparation 2 I launch refurbishment.

2. Carrier Inst. 8 I All pneu., fluid, elect, connectors
3, Pnau. 6 Fluid Conn. must be removed from carrier and re-

4. Elect. Conn. Installed during each Installation.
5. 6" LOX _ Fuel Coupling Leek check time consuming, many pol,ts

Inst• I I to check.
6. Sensor Switch Adjust. I I

n. These operations accomplished twice,
carrier Is disconnected and recon-

nected after initial Installation.

• Above data represent one typical In-
stallation. Hinor variations exist
between three aft umbilical installa-
tions,

imlwmemnmole_i leomnmlmIMmmma ulmw_gl m Ileellllimemeall_llml_XtnllClallllelle

S-IC Intertank Installation Intertenk umbilical assembly is
Umbilical (LO 2) I• Preparation )4 } quite large (15'xe"xg.S') end

2• Hating to Stage _ ) heavy (6700 Ibs.)
79 Initial mating to stage requires

many measurements end adjustments.
Tolerances on adjustments difficult

VeriFication to hold.

I. Preparation 21 I . Difficulties encountered in latching
2. Hating tO Stage 20 I end locking mechanisms due to bind-

41 Ing and high friction, etc.

• After initial mating to stage, dis-
connect, retract, extend and recon-
nect dre automatically accomplished.

However, operating times not always
consistent, Internal pressure in
LO2 lines often slows or prevents
retraction.

LO2 line vacuum probes not easily
accessible.

Imlmllmlmealellm iw_ullllmlmlellllhmmlllmlle_ mummmmwm ImBmlliml _eRDDmlmDleeomnmelll_oflD_eeemla_

S-!C Fwd, Umbilical Installation Umbilical fairly llghtwelpht , easily
_ I. Preparation 13 Installed by two men

2, Carrier Inst. 39 Host time consumed in making end

). Pneu. Conn.* II verifying proper adjustments to
4. Elect. Conn.* 7 release mechanism, and Installing
S. ECS Conn. I each electrical connector separately

"Tr following carrier installation.

*. Pneumatic systems leak checks end
Verification electrical systems checkout not con-
I. Preparation 13 sldered. These operations are usually
2. Carrier Inst. 12 carried OUt over a pe-iod of several

). Pneu. Conn. days and are eccomp|lshed simultaneously
4. Elect• Conn. - with system checkout.

S. ECS Conn.

Notre: S-IC Fwd. Umbilical is nearly
Identical In oonflguretlon end
Installation to s-Ig Fwd.

3-21 1
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Table 3-7 • Umbilical Connect and Verification Procedure Review (cent)

z_ OPSaATXO.+S sTBPS +(Z+ST.)_In,_Mq*o'+ BVALUATXO.

S-II Aft Umbilical Installation
Carrier I. Preparation 18" SO mln 2 S°ll Aft Umbilical Is quite heavy,

2, Carrier Inst, 77 } hrs 3 Requires use of hoist for handling
3. Pneu 6 Fluid Connac- during Installation

tie,Is 171 6 hrs 2 Numerous measurements and adjustments
4, Elect, Cone, 84 2 hrs I required

_F_r Special tools (wrenches, adapters,
spring scales, etc.) required for
Installation and verification

Verification
I. Preparation 6_ 30 mln I
2. Carrier Inst. 19 1.5 hr 2
3. Pneu & Fluid Conn. --
4. Elect, Conn.

2--_ _ *Leak checks of pneumatic Systems and
checkout of electrical systems not
Included.

IDllUiIllillnll aglllllUllglDIMImlli_ lllllllll moll elmmllll III_mMII_IDIIIIIIIO_IIIlIIIlIIIIIiI#

S*II-LOX Fill Dis- Installation S-II Lax Fill Disconnect requires
connect !. Preparation 9' 45 mlm I use of hoist and come-slangs to

2. Carrier Inst. )9 3 hr position for Installation
3. Pneu. & Fluid Conn. 23 I hr I Special tools required for Instatin-
g, Elect. Conn. 4 IS mln I zion and verification

Verlflcat Ion

I. Preparation 4" IS mln I
2. Carrier Inst. 13 30 mln I
3. Pneu S Fluid Conn. I I0 mln I
4. Elect. Conn. m

I--_ _ *Functional checks, leak checks and check-
out of electrical indications not

IIQII,II ulnlm n.l o n ii ii lllm ii Ii ii li al ii e i iii ii ii ii i llwlljl II iII o I lalmll wlhiw emeet,ll Included.
II lllml'nll nlllnlm iii, iiii inl lllOlrlll ii n ,ii i n i i l i i o

S-II LN2 Fill Dis- Installation S-II Lfl2 Fill Disconnect requires use
:onnect 1. Preparation 9_ _5 mln I of hoist and come-slangs to position

2. Carrier Inst. _9 4 hr 3 for installation

i 3. Pneu. & Fluid Conn. 2} I hr I tools forSpecial required Installa- m

• 4. Elect. Conn. 4 15 mln I tide and verification

T_ _ Helium purged nylon bag cover, with+ fiberglass bulkheads, Installed to
prevent coedensat Ion of I lquld air.

Verification
I. Preparation 4* 15 mln l
2. C_-rler Inst. 22 I hr I
}. Pr+¢d. & Fluid Conn. I IO Jnln I
4. Elect. Conn.

"_ T-_5 _ln *Functional checks, leak checks and check-
out of electrical Indications not Included,

i I i llll llllqlIm le iii ii ii l I I I_ ill ill I e lewmw e_lllmmql eeaIOOIBdDaDalallaliiii iIial ollmllll llOill lmallllll mJllqllIll Im iI ii ii ii ii ii iiuli a llJllii ii_ e I i _ i e_a i

•$-II Fwd, Umblllcel Installation S-II F_I Umblllcal Is quite heavy.
Carrier i. Preparation 18" 50 mln 2 requires use of hoist for handling

2. Carrier Inst. 77 3 hrs. _1 during Installation
3- Pneu. K Fluid Conn. 129 5 hrs 2 Numerous measurements and adjustments

4. Elect. Conn. _ _r I requiredSpecial tools (wrenches, adapters.
spring scales, etc.) required for
I natal I at ion and ver I f I cat ion.

Ver I f I cat Ion

I. Preparation 6_' 30 mln I I2. Carrier Inst. 19 I.S hr 2 ,
3. Pneu. S Fluid Conn, 3 " 15 mln I
4. Elect. Conn.

"_ _r ,_,Leak checks of pneumatic Systems and
checkout of electrical systems not

Inc I uded.
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Table 3-7 • Umbilical Connect and Verification Procedure Review (cont)

BDUU TZM PB_OHHBL
ITI_ OPSRATIOHS 8TEIsS (BAY.) Hie, ,_'DI IWALUATEOH

i i J i i i r llr

;-II LOX Fill DIs- Instollatlon S-IIrLOX Fill Disconnect requires
_nnect I. Preparation 9* 45 mln | use of hoist and come-alongs to

2. Carrier Inst. 39 ] hr position for Installation
3. Pneu. & Fluid Cone, 23 I hr I Special tools required for Installa-

4. Elect. Conn. 4 _ I tlon and verlflcetlon
> nrs

VerlfirAtlon
I. PFoperatlon 4* IS mln I
2. Carrier Inst. 13 )O mln I
3, Pneu & Fluid Conn, I |O mln I
4, Elect. Conn.

---_ --_ " *Functional checks, leak checks and check-
out of electrical Indications not
Included.

nmm_meommlmamm_t wn_=_imlauemlmeemom rmee mmi_m4mmD ammueu4 e_-,_,egrmmw llmlDammlummmmmmmi_molmaea_mmulvmmIlOemLAm_

_-II LH2 Fill DIs- Installation S-il LH2 Fill Disconnect requires use
anneal I. Preparation 9' 45 mln ! of hoist end come-clangs to position

2• Carrier Inst. _9 4 hr ) for Installation
J. Pnau• & Fluid Conn. 23 I hr I Special tools required for Installa-
4• Elect. Conn. 4 ;; mln I tlon and verification

T_ E r'_'_ Helium purged nylon bag cover, with
fiberglass bulkheads, Installed to
prevent condensation of liquid air•

Verification

I. Preparation 4' 15 mln I
2. Carrier Inst. 22 I ;,r I
3. Pneu. S Fluid Conn. I IO mln I
4. Elect. Conn.

"_ _'_'5 mln _Functlonal checks, leak checks and check-
• out of electrlcelindlcatlons not included.

Bo• amilmm_m_l_m_N mmmmmmmmm_mnm_mamm_w_ out.ooze _m_eem ,legme,o, _o_m_m_mmmmmmmnm.mmm_e

S-II Fwd. Umbilical Installation . S-II F_I Umbilical is quite heavy,
Carrier I. Preparation 18_ :_0 mtn 2' requires use of hoist for handling

2. Carrier lest. 77 i) hrs ) during Installation
). Pnau. _ Fluid Conn. 12_ 5 hrs 2 . Numerous measurements and adjustments
4. Elect. :onn. 56 1.5 hr I required

2-_ T_"_r . Special tools (wrenches, adapters, •
spring scales, etc.) required for
Installation and verification.

Verification
I. Preparation 6_ 30 mln I
2. Carrier Inst. 19 1•5 hr 2
). Pnau. 8 Fluid Conn. ) IS mln I
4. Elect• Conn.

-'_ _ _Leak checks of pneumatic systems and
checkout of electrical systems not
Included.

ellM_ouo_,m_o_ _o_ee_mmmwm_m_mm_m_m_oee _._Mlm m_m _mmmm4_ o_m_am_mm_emoe_mmmm_m_eeo_mammu

Service Module Installation . S/M Umbilical Is light and small,
_mblllcel I. Preparation _ 30 mln I easily handled by one man.

2. Carrier Inst. 7 20 mln I
3. Pneu. _ Fluid Conn. 8 20 mln I
4. Elect. Conn. 4 15 mln I

5• ECS Conn. __ _kno ,in I

Verification
I. Preparation ) I0 mln I
2. Carrier inst. ) I0 mln I
). Pneu. S Fluid Conn. - --
4. Elect. Conn. - --

5. ECSConn. -_ _n I• 1

i

i i i i

3-23

_ -_ , _i._

00000001-TSE07



NAS 10-7702

Table 3-7e Umbilical Correct and Verification Procedure Review (cent)

J ,

-_ " ' _ PRRaONNltL /pROCEDURE ?I!4_

t?_ oP_aATtOa_ STEPS (SB?.) [_]n.,_Rq'n_ INAUJAT|ON
I [

;.iD F_ Umbilical installation . Umbilical relatively lightweight

I, Preparation 13 30 mfn I , Easily installed by two men
2. Carrier Inst. 39 40 ml_ 2 , Host time Is consumed In making

3. Pneu. Conn. II 30 mln I and verifying proper adjustments
4. Elect, Conn. 7 q§ mln I to release machanlBm and installing

I _ I each electrical connector separately
5. EC5 Conn. "_ 2.7 hrs following carrier Installation

. This umbilical Is quite reliable,
no major problems during 5-1B series

Verification Pneumatic systems leak chnck_ and

I. Preparation I] 30 mln I electelcal connector verification
2. Carrier I_st. 12 40 mln I not considered. These operatlon*
]. Pilau. Conn. - -- I are tarrier out over a period of

4. Elect. Conn. - -- I several days following installation.

S. EC5 Conn "_" _'_" s l This umbilical I_ nearly identicalIn configuration and Installation to
S-It Fwd.

JJJJJJJJllnJlll JJJJJJJJJJJlJJJllJJJJJJ JJJJlllJJ 'llmllJ iiiiiill IIIllllllllilllllllllllmlliltllllilll

S-IB Short Cable Installation , SolB Short Cable Hast Umbilical is
qast dmblllcels II I, Preparation 4 90 mln 2 relatively lightweight and easy to
and IV 2. Carrier Inst. 28 60 mln 2 install

3. Pneu. Conn. II 30 mln I . k_ork platforms end ladders must be

Ii 30 mln I Installed for access to umblllcals

Elect. Conn.

"1_ _r']_'S . HOSt time Is consumed in making and
verifying proper adjustments and
measurements and Installing each

Verification electrical connector following

I. Preparation 2 15 mln I carrier instillation
2. Carrier lest. I_ 20 mln I Pneumatic systems leak checks end

3. Pneu. Conn. 9 I0 man I electrical systems checkout not
Elect. Conn. -- considered. These operations are

-_ .='_--J_'s usually accomplished over a period
of several days following installa-
tion.

IllBli_.lmmOlllll_ IIlellisslimliloliamomlll Bmlimllml _weeail ilmm_mee mliimimMm_ile_moiIOmlJOlOlllmimlllimbl

S-IVB Aft Umbilical Installation . Host operetlons end verification
I. Preparation 3 15 mln Z steps serial - few simultaneous
2. Carrier lest, 18 4 hrs 4 functions

3. Elect. Corm, S4 ] hre Z . Crank-operated hoist end muscle
4. Pneu. Conn. 82 _0 mln 2 power required for installation

5- LO2 Corm. 26 I._ hr _ of large components; I.e. carrier,
6. LH2 Conn. ]0 3._ hr 4 LO2 and LH2 fill lines

7. ECSConn. _ _nr_ , . Workforaccessplatf°rmSto,rkand ,realaddersreguired
Instatletion requires many measure-

manta, adjustments, gage points end
Verification torque applications

I. Preparation 9 1'5 mln I . Application of Insulation wrap by
2. Carrier Inst. 9 20 mln ] hand required for LH2 connector.
3. Elect. Conn. 1 5 mln I
4. Pneu. Conn. - "-

5. LO2 Conn. IO 45 mln I
$. LH 3 Corm, I0 45 mln I
7. ECS Conn. 2 IO mln I

-IT z.-:T'ET7
• llmmlklmimmlldteol l_llOe_D_lll_ll_WliBn I_llliim I_llll Ilelmilli e_ellllelll_lmm_mil_illlil_llllllii

S-IVB Fwd end I.U. Installation

Umbilical I, Preplretlon 12 4S mln I . S-IVB Fwd. Is a dual service umbilical,
Z. Carrier Inat, SIe 90 mln | servicing S-IV8 stage and I,O. stage.
3. Elect. Conn. 147 180 mln I Installation requires joint action by
4. Pneu, Conn. 14 30 mln I HDAC, l(IMand Boeing (or Chrysler for

5. GH2 Vent Cqnn. I_ 30 mln 2 S-It).
6. ECS Conn. _ 20 mln I installation requires many measure-
7. Insulation

I manta and verification points.
2_8 7.3 h#$ . Leak checks of pneumatic systems and

; olectrfcel System verification not

Included In time estimates I
Verification

I. Preplrltlon 12 _20 mln I
; 2. Carrier Inst. I&* 2j mln I

]. Elect. Conn. - -- *. Includes refnstallatlon following dis-
4. Pneu, Conn. - -- connect after Initial Installation

5. GH3 Vent Conn. 8 I
6. ECS Conn. - --

7. Insulation "_ "._r_i

!='. 3-24
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Verification Procedure Review (cent)Table 3-7, Umbilical Connect and "

Total 3.8 hrs
eeeommoomomomlimlom ummmommoemlamnbmumomamil_ _muuuu _NOml aalMlOOm weoamoeoommmNmleoooolnRe_emoomoeumumu

Fill & Drain Valve Installation Installation utilizes necked-down
(Centaur) I, Preparation 16 20 mln ! tension bolts to secure ground half
(LO2 end LX2) 2. Valve Inst, )3 2.S hr i of valve to vehicle. Bolts break

3. Pneu ¢ Fluid Conn. 18 45 mln I away when predetermined load trens-
4. Elect. Conn. 2 ]O Bin I mitred from swing arm pull-off lan-

_J'_r yard to FeD valve shroud.

Major reported problem area has been
Verification leakag_ past seal.
I. Preparation 4 10 mln I
2. Valve Inst. 13 130 mln I
3. Pneu¢ Fluid Conn. 9 20 mln I
4. Elect, Conn. 2 _10 mln I

; .TG's
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Table 3-8, UORSummary

URE£_.F'_ANDNUMBER• MAb_ - -

't_ ........ITEM FUNCT[, _SEMBL_ E VENDOR DEFECT/FAILURE
:_ DI SC(Jt_ECT 3

if!i: VALVE S_ll HADLEY IMPROPERSEALSIZE

lii ME2/3_00X] o_6_o JAMSP_PPET

]:_ DISCOMWECT | S-II FIJ_RESCRATCHED
L VALVE

iii ME.,-oo,
DISCONNECT l | S-II HADLEY EXCESSIVELENGTHOF i(i v,,LwME27J-OO|;t 0_650 HOUNTINGflOLT INTER_

i[:_ FERF_WITH ADJUSTING
.,_ NUT

:_i DISCONNECT, l t 6 9 5-1VB FAIRCHIIJ_SCRATCHED5EALIN6=_ VENTI:
_iI lAmBS,8 STRATO._ SURFACES

_:.iz qUICK DIS- I_
=:.-:: 11 10 2 S-IVB PUROLATOREXCESSIVEEXTERNAL

:- il ,:oN,,,,,:,ASS*Y LEAKAGE

._ lA_,g958

,_'_ DISCONNECT | | S-IVB FAIRCItlL DEFECTIVESEALINGLO2GROUND
_i:. IA_9970 STRATOS SURFACEON FI.At_E

_':_ LH2DiSCOI_ECTGRoUND | ! S-IVB FAIRCHIL SCRATCHEDSEALING

!_ IA_9978 STRATOS ASS_ysuRFACES& IMPROPER

:._ CARRIER,, 1" 1 S-IVB DOUGLAS LEAKAGEBETWEENDIS-::_, UMBILICAL
_;_ IAZk$96 A/C CONNECT$ DEBRIS

VALVEANDDAMAGED

_ DISCONNECT 1
;:_ IBW1065 1 S-IVB PUROLATORDEFORHEDSEAL

:-_ DI SCONNECT 4 1 1 2 4
LO2 FILL S-IVB FAIRCHILD D/_AGE TO SEALINGi_ (AIRBORNE) STRATOS SURFACESRESULTING

....] 1B66932 FROMCONT/WvIiNATION

i

=_ UHBILIC.AL 4 2,, HOUSING IU IBM MANUFACTURINGERRORS
oi ASStY

11Z00001

NIPPLE 3 1 1 l
ASS*Y, Q.D. _-iB WIGGINS SEALDISLODGEDWHEN
AIRBORNE DI SCOh_IECTEDUNDER
60C201I] PRESSURE

NI PPLE 2
ASS*Y_ Q,D. S-IB '.41GGINS POPPETSTICKINGOPEN_

_., AIRBORNE LEAKAGE
.... 20C30138
_o

NIPPLE I
ASS_Y_Q,D, S-IB IGGINS SEALDISLODGEDWHEN
AIRBORNE' DISCONNECTEDUNDER
20C_01_0 PRESSURE

'_ NIPPLE 1
ASSty, Q.D. S-IB IGGINS FLARETUBEFITTING
AIRBORNE ENDD_IAGEDBY OVER

r, 20C30189 TORqUINGOF B--NUT

' 3-26
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Table 3-8° UCR Summary (cont)

FLUID § ] i B 2 [ s-Ic PUROLATORiSEALHAT'L EXCEEDED

COUPLING I USEFULLIFE LIMITA_
GSB64001-1 TION

FLUID 1 SF--ALDEFORMEDAND
CQUPLIN_ EXPANDED
65BEh001_2

FLUID 1 I-_E RETAINER
CQUPL1NG
fi§B6h001_3

FLUID l | 2 RUSTON INTERIOR
CQUPLI NG SURFACE$
6_B6h0Ol=h

FLUID 2 l 2 D/_AGETO SEALING
COUPLING SURFACESRESULTING
65D6_,OO1-5 FROHCONT_INATION

FLUID 2 1 NORECORDOF PRE-
COUPLING VIOU$ USAGE
65B6k001-6

FLUID 1 5 2 _ LOOSERETAINER
COUPLI NG
65B6h001-7

FLUID 3 5 RUSTON INTERIOR
COUPLING SURFACES
6586h001-8

FLUID l PUROLATORLOOSERETAINER
COUPLING
65B6_001-9

FLUID 3 1 PUROLATORLOOSERETAINER
COUPLING
65B6_001-11

FLUID 2 2 1 SCRATCHEDSEALING
COUPLING SURFACES¢ GALLED
65B6%001- 12 TPREADS

FLUID ! NO RECORDOF PREVIOUS
COUPLING USAGE
6SB6k001-1_

FLUID I CONT/V41NATEDDURING
COUPLINC'_ HANDLING
6586_001-15

FLUID 1 1 CONTPH1NATEDDURING
COUPLING. HANDLING
6586kOOI-16

FLUID 1 1 FOREIGNOBJECTLODGED
COUPLING IN POPPET
65B6h001-18

FLUID 2 NO RECORDOF PREVIOUS
COUPLING USAGE t
6536q001-20

FLUID 1 !,7 _, _ .NORECORDOr: PREVIOUS '
COUPLING USAGE '
6586k001-22

FLUID 2 it 1 PUROLATO_LOOSERETAINER
COUPLING LEAKING
6566h001-23

3-28
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Table 3-8. UCR Summary (cont)
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SECTION 4

CANDIDATE CONCEPT DEFINITION

Candidate concepts were generated for the following categories of components,
subsystems, and handling systems:

a. Coupling:

1. Cryogenic

2. High pressure pneumatic and hydraulic

3. Low pressure pneumatic, H20 glycol and JP-5

b. Locking and release devices

c. Engaging mechanisms

d. Debris protection devices

e. Booster umbilical carriers

f. Booster umbilical handling concepts (3)

g. Orbiter umbilical handling concepts (3)

Figures 4-1 through 4-44 are sketches depicting these various concepts. These
sketches are conceptual only and do not include details or dimensions. They were
prepared only to the extent necessary to allow evaluation and tradeoff analysis.
Table 4-1 is a summary of the service requirements for booster riseoff umbilical
carrier concepts A, B, and C.

/ ,

i
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Figure 4-2. Ten Inch Cryogenic V.J. Slip Coupling-
Self Forming Lip Seals

/
f

Figure 4-3. Ten Inch Cryogenic V.J. Slip Coupling -_
i Chevro_ Seals .

I4-2
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• ,.,/
Figure 4-4. Ten Inch Cryogenic VoJ. Pressure Balanced Slip Coupling

I" VAC.

___.. l]J
• i

i

DETECTION i_

Figure 4-="-3. Partial Pressure Balanced Cone Seal

4,=3

I
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Figure 4-6. Three Inch Ball and. Cone Coupling

: Figure 4-7, LH 2 - V.J, (1 in.)

': 4...4
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Figure 4-8. Pneumatic Slip Coupling (I in.)

J
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Figure 4-10. Pneumatic CouplingB 150 psi (4 in.)

_l _

......... f

Figure 4-11. 150 psi (1 in.)

)

Figure 4-12. Pneumatic Coupling, 5 psi (3 in.) I

4-6
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Figure 4-13. Two Inch

Figure 4-14. One Inch



NAS 10-7702

ELEZV_ -- !

L°.o._1_;+_( ----°^°_

LOCK RF_LEA_ED LOCK INS_'ALLt_D

Figure 4-16. Ball Lock
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J41mCIt,'U_| 0 it LEVER

I

2
Figure 4-19. Lagch Release Mechanism
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Figure 4-23. Booster Electrical Disconnect I
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Figure 4-24, Cone Seal With Internal Actuated Poppet Closures

Figure 4-25, Butterfly Valve I
4-1].

k
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AIR VEHICLE HALF GROUND IHLALF

I

1

ACTUATING SHAFT

Figure 4-26. Poppet Valves, External Mechanical Actuated

" I i" _ "

Figure 4-27. Poppet Valves,4_12Internal Mechanical/Actuated i

...... .___=___ : ..... ,............ ___:,_ ;L_-__:___:_-_"__-_-_ __.''_,,_!_ _,_-_ ':_,:_, ,, _._,-_:_ ..... . ........ ............._.-:.:..=: =.._,_]____'.__

....... ,_........ _............:-_i :,:....._ -,_-- = _=_-;i__/, _--:- ...._ :3._=. I:-.LI:,_=;_,=_.__,__- ::_:-____:_=_::=-': '_ ' ....._......: ._:_-......
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r_C _a'°IALL& CON_ I"PNBUMATiC

\\_// ////._ _\% _LECT_C^L,.
_-/.<_" //// I "_ \ "_\ CONNECTOR _. '

" .,. III// \ \
SLIPCOUPLING_ii I I _ I III I!°___1

4"Pi,_ _ ' ic ..m
COUPLING - 150 PSI [ SLIPCOUPLING

Figure 4-30, Booster Rt,se-off Ground Umbilical, Concept A
I

i -0

-" i

Figure 4-31. Booster Rise-off Ground Umbflical_ Concept A (Section AA)

-i: 4-14
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O

Figure 4-32. Booster Rise-off Airborne Umbillcal, Concept A
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Figure 4-34. Booster Rise-off Umbilical, Ground and Veiflcle
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Figure 4-39, FixedB°°sterElevationUmbilicalHandling Concept No, 1_ !:
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Table 4-I. Boo_tor Ri_eoff U_nbflicfd _arrier t?oneept_

Cones t]_t__AA

Size Operational Pre_ur_

Servic_ (in.) Type _11_)

LH2 Fill and Drain lo Slip 90
JP_5 Fill and Drain 3 Ball and _on_ i_O

¢_H2 Fi!l 1 Slip 1000

GHo Fill i Slip 3700

GN2 P_rl_O 4 Slip :],rio

Eloctrtc_ Rcct_nflular Connector

 on0ept

LH2 Fill and Drain 10 Pressure Balance 90
JP-_ Fill and Drain 8 Ball and Cone 180

GH2 Fill 1 Pressure Balance 1000
GHe Fill 1 Pressure Balance. 3700

GN2 Purge 4 Slip 150

Electrical Rectangular Connector

Concept C

LH2 Fill and Drain 10 Ball and Cone 90
JP-5 Ftll and Drain 3 Ball and Cone 160

GH2 .Fill 1 Pressure Balance 1000
GHe Fill .1 Pressure Balance 3700

GN2 Purge 4 Slip 150

Electrical No.40 M_ 4 Required

4-21
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i' i, _

Figure 4.-42. Orbiter Umbilical Handling Concept No. 1, Retractable Boom

4=22
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_ Figure 4-43. Orbiter Umbilical Handling Concept No, 2, CounterbalancedBoom
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in"

Figure 4-44, Orbiter Umbilical Handling Concept No. 3, Platform Mounted

_2"*_ Retracting Arm 4-24 :;_:'i _
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4.1 BOOSTER UMBILICAL HANDLING CONCEPT NO. 1, FIXED ELEVATION

This handling concept is characterized primarily by the design features incorporated
to accommodate relative motion of the vehicle umbilical carrier (Figure 4-39). The
ground carrier is allowed to move horizontally in al_, direction to track the vehicle
carrier motion while it is fixed in elevation. The coupling design, therefore, must
be capable of accommodating the vertical relative motion of the vehicle carrier. The
amount of vertical relative motion w_ll influence the choice of the couplin_ concept.

The slip coupling, of course_ is capable of accepting the largest vertical excursions.
It has been used with success on several vehicle programs. The ball and cone coupling
has some advantages over the slip coupling_ but it only has limited vertical motion
capability, depending on the design of bellows and/or sprints.

Another important feature of Concept No. 1 is the use of a screw jack elevating mecha-
nism that provides a rapid engagement or connection capability for the ground carrier.
It allows the ground carrier to be lowered out of the way during booster erection on the
launcher. This concept will also have provisions to cover the ground carrier and
couplings with a blast shield for protection from vehicle engine exhaust blast.

4.2 BOOSTER UMBILICAL HANDLING CONCEPT NO. 2 SPRING MOUNTED -
LOCKED TO VEHICLE

The characteristic difference of Concept Number 2 (Figure 4-40) from Concept Number
1 is that the _Tound carrier tracks the vertical motion of the vehicle carrier as well as
the horizontal motion. This_ of course, allows a greater selection of coupling types
because the design only has to accommodate tolerances and not relative motion. The
ball and cone coupling can be used with the only disadvantage being the amount of
separation loads generated by the thrust bellows.

The thrust loads from the fluid pressure may be reacted by the spring loads. If this
loading produces a structural penalty on the vehicle, then the coupling loads may be
reacted internally by locking the ground carrier to the vehicle carrier. The inherent
reliability of the unlocked rise off disconnects may be retained by unlocking the locks
after the pressure has been reduced and prior to engine start or vehicle release.

4.3 BOOSTER UMBILICAL HANDLING CONCEPT NO. 3 TAIL SERVICE MAST
(TSM) TYPE

Concept No. 3 is characterized by the horizontal release direction of the couplings

(Figure 4-41). Because the disconnects must be in-flight (required for on-pad abort)and because they must be unlocked and ejected laterally from the vehicle after liftoff,
the carrier lock(s) must have prhnary, secondary, and tertiar.,, release modes (fall
operational/fail operational).

4-25
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Because there is no relative motion butween the ground and vehicle carrters _ the

choice of couplings Is not limi_d thereby.

Included as par_ of the Concept No. 3 is the articulation necessary to retract the mast
out of the way during booster erection, Provisions are incorporated for local manual

control of the mechanisms to allow rapid engagement of the ground carrier to the

vehicle carrier. The retraction of the ma _t also provides protection of the ground
system from vehicle engine exhaust blast.

This concept is advantageous when space limitations preclude the use of either of the

rtseoff concepts (Concept Numbers 1 and 2).

4.4 ORBITER UMBILICAL HANDLING CONCEPT NO. 1, RETRACTABLE BOOM

Concept No. 1 for handling the orbiter umbilical carrier is comprised of a roller-

mounted retractable boom atop the nervtce arm. The umbilical carrier is supported
from the boom by a lanyard with the boom extended for umbilical carrier installation,

The umbilical carrier is released and ejected from the vehicle pneumatically. Upon
release oignal, the lanyard is retracted by pneumatic cylinders mounted on the boom.

Extension and retraction of the boom is accomplished manually with a rack and pinion

and hand wheel. Adjustment of the lanyard for supporting the umbilical carrier during

mating is accomplished manually with a hand wheel driving a worm gear reel.

4. 5 ORBITER UMBILICAL HANDLING CONCEPT NO. 2, COUNTERBALANCED
BOOM

Concept 1_o. 2 for handling the orbiter umbilical carrier consists of a spring counter-

_ balanced boom mounted atop the service arm. The umbilical carrier is attached to a
L the boom by a limited motion universal coupling thus providing stability to the umbili-

cal housing during installation and retraction.

The counterbalance springs are adjusted to support the weight of the umbilical housing

thus providing ease of handling during installation and without imposing a significant
load to the vehicle structure.

! The umbilical carrier is pneumatically ejected prior to vehicle Uftoff. The signal

i provided for the ejection of the carrier also provides the signal to pneumatically
pressurize the retraction cylinder on the boom. When the retraction is completed
the service arm can then be retracted to the tower and secured for liftoff. !

I

i

: 4.60RBITEIt UMBILICAL HANDLING CONCEPT NO. 3_ PLATFORM MOUNTED
RETRAC'HNG ARM

Concept No. 3 for handling the orbiter umbilical carrier consists of a platform

mounted retracting arm with a floating base to allow tracking of vehicle motions.

4-26 ......

00000002-TSC04



NAS 10-7702

The umbilical carrier is mounted on linl_ from the retracti__ arm with a manual posi-
tioning handle for vertical alignment during connect, Disconnect and ejection of the
carriar from the vehicle is by pneumatic actuation, The floating base is mounted on
parallel guide rods-with ball bushings for friction free motion in a horizontal plane,
Retraction of the arm is accomplished by a pneumatic cylinder actuated by the carrier
release sigp_l, An alternate method of mounting the retract cylinder positions th_
cylinder below the floating base and detaches the cylinder rod from the base so that the
cylinder rod does not have to travel withthe vehicle motions, As the cylinder iB actu-
ated it pushes the base away from the vehicle and a link attached to the retracting arm
causes the arm to pivot vertically and retract as the base continues moving.

4.9.7
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SECTION 5

CONCEPT EVALUATION AND TRADEOFF ANALYSIS

Figures 5-1 and 5-2 are block diagrams that lUustrate the flow for concept selection.
It is recognized that more combinations are possible than shown, however, those

shown are considered the most compatible combinations. The portion of the block
diagram showing the selected electrical connector flow applies also to the selection
of fluid connectors as well as to locking and release devices.

5.1 CRYOGENIC COUPLINGS (UNWEIGHTED)

Relative ranking numbers are shown in Table 5-1 for each parameter for the concepts
under consideration. Each concept provides a vent port between the dual seals for
vent or drain and monitoring of leakage past the primary seal.

5.2 CRYOGENIC COUPLINGS (WEIGHTED)

The ball and cone coupling with belle- s and dual ring seal is ranked the highest due to

its successful usage history for both LO2 and LH 2, and its m_intenance characteristics.
(See Table 5-2).

5.3 HIGH PRESSURE PNEUMATIC AND HYDRAULIC COUPLINGS (UNWEIGHTED)

Relative ranking numbers are shown in Table 5-3 for each parameter for the concepts
under consideration. < _.

5.4 HiGH PRESSURE PNEUMATIC AND HYDRAULIC COUPLINGS (WEIGHTED)

The .slip coupling with O-ring seals attained the highest ranking due to its successful
usage history and general simplicity. (See Table 5-4. )

5.5 LOW PRESSURE PNEUMATIC, H20 GLYCOL, AND JP-5 COUPLINGS
(UNWEIGHTED)

Relative ranking numbers are shown in Table 5-5 for each evaluation parameter for the
coupling concepts under consideration. Couplings with dual seals incorporate a vent :'
port between the seals for vent or drain and monitoring of leakage past the primary

seal. The slip coupling with O-rings is not suitable for cold gas venting. , _\

i :

5--1
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5.6 LOW I_I_ESSUREI_NEUMATIC, H20 GLYCOLj AND JP-5 COUPLINGS
(WEIGHTED)

The slip coupling with O-rings attained the highest ranking due to its overall simpli-
city and history of successful usage. It is not suitable, however, for cold gases. The
ball and cone coupling with a spring and single ring seal is suitable for cold gases, but
the bail and cone coupling with dual ring seals is a better choice for hazardous cold
gases. (See Table 5-6).

5.7 LOCKING AND RELEASE DEVICE EVALUATION (UNWEIGHTED)

Each of the devices under consideration incorporates a pneumatic actuation device as
an integral part with the exception of tile hook latch which uses an external cylinder.
Again, individual differences in the assigned relative ranking numbers are not greatp
however, the sum total after applying the weighting factors on the matrix presented in
Table 5-7 shows greater differences in the relative merits of each.

5.8 LOCKING AND RELEASE DEVICE EVALUATION (WEIGHTED)

The collet locking and release device ranked the highest with the 4-ball male locking
device next. The primary factors that cause the collet to be the higher ranked are:
better load distribtuon, less wear due to brinneling, and ease of holding critical toler-
ances during fabrication. The self-cocking feature is also mor_. easily incorporated
into the collet device thus facilitating ease of connection. (See Table 5-8).

While it is recognized that the 4-ball male locking device is widely used on Saturn 5 -
Apollo, it is recognized that collet locking devices have also been used to a consider-
able extent. Hardware experience on Convair Aerospace's many and varied prog_'ams
has resulted in a basic distrust in the use of bah locking devices. Component failures
have resulted in impact ranging all the way from nuisance items to the actual loss of an

. Atlas-Centaur vehicle .......

The relative ranking numbers shown on the matrices represent, to a certain extent, a
subjective evaluation. The numbers sho_ essentially reflect the Convair Aerospace
attitude regarding ball locking devices, beginning at the higher levels of engineering
management.

5.9 ELECTKICAL CONNECTOR EVALUATION (UNWEIGHTED)

The relative ranking numbers appearing for each parameter in columns for each type il
connector under consideration are shown in Table 5-9. In order to evaluate the con-

rectors on a common baseline, the number of connectors required to provide a minimum _ ,,
of 12 each No. 1/0 contacts and 120 each No. 16 contacts is identified. _i_

s-9 i!
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5.10 ELECTRICAL CONNECTOR EVALUATION {WEIGHTED)

A weighting factor has boon applied to the relative ranking numbers assigned for each

parameter shown in Tabl_ 5-10. Those parameters that have more bearing on the se-

lection of a final concept carry the highest weighting factor.

Primary fl_tor infltmneing the hi_her ranking of the rectangular deadface connector

are: lower i_ossibility of inflight damager fewer required, each connector contains

aligning pinsm and ease of replacement of the deadface panel. Confidence in design

for both the rectangular doadface azld MS shell size No. 40 connectors ranked high since

the former is used on Atlas, Polaris, and Poseidon and the latter on Saturn and pre-
viously on Jupiter.

5.11 DEBRIS PROTECTION (UNWEIOHTED)

The relative ranking numbers for those l_arameters that affect a decision on selection
of the most attractive debris protection method are shown in Table 5-11. A summation

with weighting factors applied is shown in Table 5-12.

5.12 DEBRIS PROTECTION (WEIGHTED)

The internally actuated poppets attained the highest relative ranking primarily due to

confidence in design based on past experieDce. Externally actuated devices rank low-

est due to additional actuation systems required. (See Table 5-12).

5.13 DEBRIS PROTECTION METHOD COMPATIBILITY

Table 5-13 is a chart that identifies the debris protection methods that are compatible

with each of the couplings under consideration. An "X" indicates design compatibility
while a blank indicates that the closure is not compatible with a given coupling.

5.14 BOOSTER UMBILICAL CARRIERS (UNWEIGHTED)

, Table 5-14 shows the relative ranking numbers for each parameter for the concepts
under consideration ......

5.15 BOOSTER UMBILICAL CARRIERS {WEIGHTED)

Concept A attained the highest ranking although it ranked only 13 points above Concept
C. (See Table 5-15). Both Concepts A and C are appreciably higher than Concept B.

Factors contributing to the higher ranking of Coucept A are: overall s!:aplicity_ lower
cost, easier component refurbishmentj lower connect force required, and lower loads

imposed on the vehicle.

5.16 BOOSTER UMBILICAL HANDLING CONCEPTS (UNWEIGHTED)

Relative ranking numbers for each parameter for the concepts under consideration are
shown in Table 5-16o

5-14
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Concept No. 1 utilizes a carrier with slip couplings recanted at a fixed elevation with

a preset clearance between the carrier and the vehicle. Vehicle deflections are par-
mitred by changes in the clearance with overtravel provided by the couplings.

Concept No. 2 utilizes a carrier that is locked to the vehicle until completion of fluid
transfer. Prior to engine ignition, the latches are released and veriflcatmn received.
In the event of an on-pad abort, the latches are re-engaged for subsequent prol_llant
drain.

Concept No. 3 is similar to the presently utilized Saturn V Tail Service Mast. The

carrier is locked to the vehicle and incorporates primary, secondary, and tertiary

release modes. Retract cylinders are pre-pressurized to provide sufficient carrier
retraction to clear the vehicle in the event that boom retraction does not occur. ....

5.17 BOOSTER UMBILICAL HANDLING CONCEPTS (WEIGHTED)

Concept No. 1, Fixed E1evati(m, attained the highest ranking due moistly to higher
grades for tl_.9reliability parameters. (See Table 5-17).

Concept No. 3 ranked the lowest due to system complexity, adjustment requirements,

additional systems required, additional personnel required, maintenance requirements,

and overall reliability.

5.18 ORBITER UMBILICAL CARRIERS (UNWEIGHTED)

This matrix shows the relative ranking numbers assigned for each parameter for the
various concepts under consideration. More combinations are possible than those
shown, however, those shown are considered the most compatible without undue dupli-

cation. (See Table 5-18).

5.19 ORBITER UMBILICAL CARRIERS (WEIGHTED)

Concept C attained the highest relative ranking primarily due to past successful experi-
ence with ball and cone couplings and their inherent capability of self oalignment while

requiring minimum engagement. The gear drive method of cor.nection requires a mini-
mum of additional tools and/or equipment and provides positive alignment during the

connection and engagement cycle. The collet locking and release device has a proven
history of reliable operation with little wear and minimum refurbishment. Concept C
with the 4-ball male locking and release device and Concept A utilizing the gear drive
connect are still considered acceptable but do not incorporate as many desirable

r

features as Concept C with the ¢ollet. (See Table 5-19).

\ '!

5-_.2

............ -...... F

:° ...................... O0000002-TSE03



NA_ 10-7702

5-23

O0000002-TSE04



NAS 10..7702



NAS 1Oo7702

5-25

O0000002-TSE06



6-27 ..... i

O0000002-TSE07



NAS 1Q_7702

r

!- 5-28

o;.

O0000002-TSEO8



.NAS 10_7702



_w

!I
i i

I

l i
I I

I

NAIl i0_7702
I
i

SECTION fi

_ELECTED CONCEPT REQUIREMENTS DEFINITION

[
l'

i Table 6=1 contains a summary of the various weighted evaluation factors from the

trudenff matrice_ in Section 5. The dingle aBterisk * indicaten the varieus cor, eeptn
_:.. _eleeted to be included into the apace _huttla boo_ter fuel ri_eoff disconnect panel con_

ceptual design and the double asterisk ** indicates the varieun coneept_ _elected tn be

incorporated into the orbiter umbilical conceptual design. The follewing pa:rai_aphn

pra_ent a brief Slaeeificatien outline for the selected concept. Note that it ha_ been

_l described primarily [or a _paee nlmttle Bgu boo,tar and 1610_ orbiter configuration
- and has not been updated to agree with th¢_ most current _pac_ _huttle eonfigurattenf:_.

6.1 SELECTED BOOSTER CONCEPT DEFINITION

The following paragraphs give a description of the ualtcnt features of the selected

booster umbilical concept. Appendix A lists the drawings which have been prepared

to detail this concept. Note that these drawings have been prepared to design a proto-

type of the concc, pt for testing the handling and verification concepts only. As such,

the desi6m is not directly useable for a vehicle design but must be adapted to the speci-
gl fic application desired.

_t. 6.1, 1 HANDLIlqG CONCE!_. ,. Selected for definition is Concept No. 1 which is a

_!_l riseoff type with a fixed elevation carrier, and elevated by worm screw actuators.

Table 6-1. Weighted Evaluation Summary of Tradeoff Matrices
i[m i

Weighted
Evaluation

Alternate Concepts Factor

CRYOGENIC COUPLINGS

Ball and cone with bellows and dual ring seal 888**

Ball and cone with bellows, primary-ring seal and 838

:_ secondary-self forming (SF) lip seal

o, Slip with Dual SF lip seal 831' ;

._ Slip with primary-chevron seeondary-SF lip seal 717 _,

Pressure balanced-dual lip seals 663

: Semi pressure balanced (conical) dual SF lip seals 615 i

I6-1
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Table fl-1, Weighted Evaluation Summary of Tradeoff Matrices, Continued
...... _a

Weighted
Evaluation

Alternate Concepts Factor
i

IIIGH PRESSURE PNEUMATIC AND HYDRAULIC COUPLINGS

Slip with dual SF lip seal 793

Slipwith prtmary_ehevron _ecendary-SF llp_eal 631

Pressure balaneed_dual lip seal_ 68.4.

Slip with dual O-_,lnff, seal_ 9fl4'
**

LOW PRESSIIliE ]ONEUMATIC, _20, GLYCOL AND J_P COUPLINGS

Ball and c,ono withbellows and dual rln_ seal 913

Ball and cone with bellows Dpri-ring seal secondary-

SF lip seal 766

Slip with dual SF lip seal 738

_lip with primary-chevron secondary SF lip seal 648

Ball and cone with spring, ring seal 916"*

Slip with dual O-ring seals 945*

LOCKING AND RELEASE DEVICE

4-ball lock_ ma!e 925

. Toggle lock 801

Finger lock 774

Hook latch 837

Collet lock 971**

Ball lock, female 769

Spring latch 642

' : 'i_'::,i. [ _ S LE CTI_ICAL CO..N_NE CTO a 1

Rectangular Deadface Connector (Cannon) 872"

°,, MS _hell Size No. 40 {Cannon) 693 i

_: !. 6-2
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Table 6=1. Weighted Evaluation Summary of Tradeoff Matrices, Continued
¢

Weighted
Evaluation

Alternate Concepts Factor

Spherical Male, Split ,_le_ve Female Contacts 790

MS Shell Size No. 32 (Pygmy) 625

Large Round Plug (Gray and Huleguard) 710

DEBRIS PROTECTION

Poppets, internally actuated 895*
**

Butterfly valves, internaUy actuated 837

Butterfly valves, externally actuated 718

Swing check, internally actuated 769

Split butterfly check, internally actuated 721

Flex cone and poppet, internally actuated 654

Check valve adjacent to coupling 708

S_bnt-off valve adjacent to coupling 748

Shut-off valve adjacent to flex line (ground) 728

Sleeve, pressure balanced coupling only 690 _

,BOOSTER UMBILICAL CARRIERS

Concept A - All slip couplings 902*

Concept B - All pressure=balanced couplings 778

Concept C - Ball and cone couplings _.rith springs for low press,
bellows for medium press and pressure-balanced

couplings for over 500 psig 889

BOOSTER UMBILICAL HANDLING CONCEPTS
, ,, .i . ..

Concept 1 - Fixed _levation 915" _
J

Concept 2 - Spring mounted locked to vehicle 889

Concept 3 - Tail service mast type 674

6-,3 _
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Table 6-1. Weighted Evaluation Summary of Tradeoff Matrices, Continued

Weighted
Evaluation

Alternate Concepts Factor

ORBITER UMBILICAL CARRIERS

CONCEPT A - All slip couplings - collet lock

Gear drive connect 819

Pneumatic connect 725

CONCEPT B - All pressure balanced couplings, pneumatic
connect, ball lock 657

CONCEPT C - Ball and cone coupling with springs for low press
and bellows for medium press, pressure balanced for over 500
psig gear drive for connect

Ball lock 830

Collet 8 75**

ORBITER UMBILICAL HANDLING CONCEPTS

CONCEPT 1 - Retractable boom

Twin cylinder 774

Single cylinder 708

CONCEPT 2 - Counter-balanced Boom 879**

CONCEPT 3 - Platform mounted retracting arm

Attached cylinder 691

Free cylinder 7Z0

This booster fuel umbilical disconnect concept is characterized primarily by the direc-

• tion of disconnect motion, the method of accommodating vehicle relative motionD and
the method of accommodating the loads generated by the fluid system pressures.

.=, The umbilical couplings (for fluid and electrical services) are disconnected vertically ,.
in the direction of flight and as a direct result of vehicle motion. The ground half will

_ remain at a fixed elevation and the vehicle half wiU rise with the veldcle and separate

_ during liftoff.

6-4
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During the extended time interval after the umbilical couplings have been mated until
the vehicle is launched, the vehicle half of the couplings will be subjected to relative

motion with respect to the fixed portion of the launcher. This motion has been estab-
lished arbitrarily as ± 2 inches horizontally in any direction from the nominal position
and + 1 inch vertically from the nominal position. The horizontal motion will be

accommodated by allowing the ground half of the coupling to move horizontally to track
the vehicle. The relative motion between the ground half of the couplings and the fixed

ground system will be accommodated by flex joints, flex hoses, or electrical cables.

For the fluid and gas couplings, the vertical relative motion of the vehicle half is
accommodated by a sliding seal between the coupling halves. While the vehicle half
is allowed to move up and down due to vehicle motion, the ground half will remain at a
fixed elevation. For the electrical couplings, the vertical relative motion of the vehicle

half will be accommodated by spring-loading the ground half of the coupling against the
vehicle half. The spring load must be large enough to overcome the dynamic loading

due to engine generated noise and vibration.

The pressures internal to the fluid and gas couplings generate a force on the piston
area of the sliding seal and tend to force the two coupling halves apart. Upward motion
of the velficle half is to be restrained by the vehicle mass and structure. Downward

motion of the ground half is to be restrained by structural supports from the ground.
None of the vertical upward load on the vehicle is to be restrained by locks adjacent to
the coupling(s) or carrier in order to alleviate vehicle structural loading. Incorpora-

tion of load relief locking devices would introduce an additional failure mode during
lmmch.

6.1.2 CARRIER CONCEPT. Concept A is a carrier containing all slip couplings

and rectangular deadface eleci.!-_al connectors, not locked to the vehicle. This carrier
concept is essentially inherent in the handling concept as described in paragraph 6.1.1.

Freedom of lateral motion for the ground carrier will be provided by four parallel

compression struts. The nominal position of the carrier will be maintained by four

tension type springs.

The ground carrier shall incorporate alignment pins that will engage with matingiunnel

fittings on the vehicle carrier. These alignment pins will reorient the ground carrier
to align with the initial laterzl mislocation of the vehicle. The design of the pins shall
be such as to assure that the ground carrier is aligned with the vehicle carrier to within

_: 0.050 inch prior to the point in the vertical travel that any of the vertical couplings
start to engage. Each of the couplings shall incorporate self-alignment provisions and
shah be mounted in the ground carrier to ensure proper engagement from an initial

misalignment of _: 0.050 inches laterally and _: I degree angular misalignment. The
electrical connectors must also provide for rotational misalignment.

6-5
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6.1.3 SCREW JACK ELEVATING MECttANISM. The screw jack elevating mechan-

ism serves the following purposes:

a. It allows the ground halves of the couplings (mounted in the ground carrier) to be

retracted, or lowered, out of the way during the time that the booster is being
installed on the launch support pedestals. A nominal 12 inches of motion has
been assumed.

b. It allows the ground halves of the couplings (all at the same time.) to be rapidly

engaged, or raised, under power and local manual control.

c. It provides the support for the ground carrier and couplings to maintain them at
the proper fixed elevation during vehicle relative motion and during the loading

applied by the fluid and gas pressures internal to the slip couplings.

6.1.4 PROTECTIVE BLAST DOOR _GROUND). This door (or doors) will be actuated

i by a ground pneumatic system after the vehicle has risen to an altitude sufficient to
provide clearance for door movement. The door(s) outer surface will have sufficient
structural and thermal integrity to withstand the direct impingement of the engine

exhaust during the launch transient. The door(s) must be closed completely before
the vehicle has risen to an altitude sufficient for direct exhaust impingement on the

umbilical couplings_

=: 6.1.5 PROTECTIVE DOOR (VEHICLE). This door (or doors) will be actuated by a
vehicle system after the vehicle has risen to _ altitude sufficient to provide clearance

I for door movement. The door(s) will have sufficient structural and thermal integrity

to withstand the environment tc be encountered during the vehicle flight and recovery.

6.1.6 CRYOGENIC COUPLINGS° The single cryogenic coupling in this panel will be
nominat 10_Luch size liqt_d hydroge_ coupling m_d will lmve a 90 psig operating pres-

sure. It will be a slip coupling havhlg a sli.ding seal piston area of approximately 50
square inches (8-Luch diameter). It will have dual self-forming lip seals similar to tim

Atlas 11 inch liquid oxygen staging disconnect. It will h_ve a tertiary seal to contain
a gaseous helium purge adjacent to the dual seals. This helium purge will prevent

eryopumping and ice buildup on the sliding seal surface.

• This coupling will be vacuum-jacketed and will not require the application of additional
insulation after is is connected. The voiume between the dual lip seals will be vented

through a tubing connection on the ground side. This vent tubing will be monitored
during verification of the connect phase when the coupling will be pressurized internally

with gaseous helium or gaseous nitrogen. The acceptable amount of gas leaking out
through the dual seal vent line will be established to provide a verification acceptance

criteria. During actual liquid hydrogen transfer through this coupling, the volume be- 4

tween the dual seals will be vented to the gaseous hydrogen burn pond via a ground vent _i_
manifold system.

t6_6
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The coupling will also provide mounting provisions for an ultrasonic leak detector con-
tact transducer. The acceptable amount of ultrasonic energy produced by a leaking

seal during the verification phase will also be established. One, or both, verification

acceptance systems may be used for connect verification. Neither one will be used
during the propellant transfer operation.

While it is recognized that the tendency is normally toward more and more instrument-
ation of a launch operation, it is suggested that having too many meaourements carries

the risk of aborting due to erroneous indications as well as requiring considerable ex-
pense for maintenance. It is further suggested that a better approach for verifying

couplings is to conduct a design evaluation and qualification test program of sufficient
scope to justify confidence in the disconnects and carrier _ystems once it is verified

that they have been properly engaged. With a design which conducts primary seal
leakage to a safe disposal, and with confidence that the systems were properly en-

gaged, neither ultrasonic nor telltale flow instrumentation should be required during
the actual transfer operations.

Both halves of Lhe disconnect will incorporate internal poppets for protection of the

system from airborne debris during the launch, flight, and recovery operations.
These debris poppets will be spring-loaded to the closed position and will be opened

automatically by the engagement of the two coupling halves. The poplars will close
automatically as the two couplings are separated.

The mounting provisions for the ground half of the coupling and the attached vacuum

jacketed duct WIU allow some slight lateral and angular motion with respect to the
ground carrie_' to assure that the coupling halves will align during engagement and

disengagement. The vehicle half of the coupling will be rigidly attached to the vehicle
carrier.

The ground carrier is mounted on a parallelogram linkage consisting of vertical com-

pression struts. This linkage allows lateral freedom in any direction while keeping

the ground carrier nominally parallel to the vehicle carrier. Because the compres-
sion struts move in an erc, the ground carrier is lowered very slightly as it is de-

flected from its neutral position. Before the ground carrier is driven up into engage-

ment with the vehicle carrier it is spring loaded to the neutral position.

As the ground carrier is driven up to engagement, the first contact is made by the F

carrier alignment pins on the ground carrier(2) with the carrier alignment funnels on
the vehicle carrier. If the vehicle carrier is located at the nominal position, then the

pins will engage the centerline of the funnel without a caroming action. If, however_ the
vehicle carrier has some initial misalignment (horizontal mislocation) then tim pins

(tapered) will contact the side of the funnel first. As the ground carrier continues
being driven upward, the tapered pin is caromed sidewise by the funnel on the vehicle

carrier to bring the tapered pin into alignment with the funnel center_ine. As the

ground carrier is cammed sidewise the centering springs are being deflected from the

6-7
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neutral position. The cylindrical portion of the tapered pins will enter the cylindrical
portion of the iimnel throat prior to the elevation required for any of the couplings to
contact initially. Thus the 10 inch liquid hydrogen ground coupling half will be auto-

matically course aligned with the vehicle half just prior to initial contact.

Initial contact of the ground coupling will be the tapered leading edge of the male ground
half with the teflon funnel on the vehicle half. The camming action of the tapered lead-

ing edge and funnel will realign the ground h_lf, as required, to provide proper coupl-
ing engagement as the carrier is driven upward to the neutral (or nominal)position.

The ground coupling can slide sidewise slightly on either of the gimbal block bushings.

The gimbal block bushings p in conjunction with the three gimbal joints in the liquid
hydrogen vacuum-jacketed duct, will allow slight angular reorientation to assure that

the cylindrical sections of the ground and vehicle halves of the couplings can engage
and disengage without binding. The ground half of the coupling is spring-loaded to the
neutral position prior to contact. The nature of the self forming lip seals is such as

to be forgiving with respect to small out-of-roundness and centerline angular misalign-
ment. There is ample metal-to-metal clearance and the lip seals are flexible.

6.I.7 HIGH PRESSURE PNEUMATIC COUPLINGS (GASEOUS HELIUiYIAND GASEOUS

i[ HYDROGEN). These couplings will be slip couplings and will have a 1-inch seal piston
diameter. The gaseous helium disconnect will be rated for 3700 psig operating pres-

sure and the gaseous hydrogen coupling will be rated for 1000 psig operating pressure.

Both couplings will incorporate dual O-ring seals. The volume between the dual seals

will be vented through the ground side to provide a leakage telltale function during the

verification phase (immediately after engagement). For the gaseous hydrogen coupling,
the seal cavity vent line will be vented to the hydrogen burn pond vent manifold, For
the gaseous helium coupling seal, cavity vent will be capped in order to force the

secondary seal to act as a redundant seal rather than acting as a diverter to force a
hazardous media (hydrogen) to leak into a safe disposal path. The _,'aseous helium dual

O-ring seal cavities will be designed to avoid seal failure or damage due to high pres-

sure gas trapped between the seals. The primary purpose of the back-up of the back-

up seal in the helium slip coupling is to force the leak detection tracer gas to flow out

through the measurement telltale. Since the helium leakage, if any, can be safely
vented to the ambient surroundings of the coupling, a safe disposal vent is not re-

quired. Given these facts, then it is very easy to make the back-up seal act as a
true redtmdant seal simply by putting a cap on the cavity vGnt line.

i These couplings should not be cold enough to cryopump oxygen or nitrogen out of the

ambient air, but frost or ".ce build-up may become a consideration. Ice scraper rings
may be required.

Mounting provisions for an ultrasonic leak detector contact transducer will be incor-
porated into each coupling.
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These couplings will incorporate debris poppets and alignment provisions as described

for the czTogenic couplings.

6.1.8 FUEL IJP-5) COUPLING. This coupling will be a 3-inch slip coupling with
dual O-ring and a 150 psig rating. The volume between the dua] seals will be vented
to the ground side as a leakage telltale during a verification and will be routed to a

safe disposal accumulator during the JP-5 transfer operation.

This coupling will incorporate debris poppets D alignment mounting provisions and
ultrasonic leak detector contact transducer mounting provisions as described for the

cryogenic coupling.

6.1.9 VEHICLE CAVITY PURGE GN 2 COUPLING. This coupling will be a 4-inch
diameter slip coupling with a single O-ring seal and will be rated for 150 psig. It

will incorporate debris poppets, alignment mounting provisions, and ultrasonic leak
detector contact transducer mounting provisions t same as described for the cryogenic
coupling.

6o1.10 HYDRAULIC SYSTEM PRESSURE AND RETURN COUPLINGS. These coupl-

ingswillbe _imilarto the JP-5 couplingexcept they willbe 2-inchesindiameter and

willbe rated for 3000 psig operatingpressure.

6.1.11 ELECTRICAL GROUND POWER CONNECTOR. Two separate400 I-Is,3

phase power circuitswillbe routed through a singleCannon-type rectangularfaced

connector. This connector willbe an adaptionofthe Atlas type connectorto delete

the solenoid-releasespring-ejectfeatureand make itsuitableforuse with a ground

carrier. Itwillincorporatethe springsnecessary to keep itconnectedwhile accom-

modating the -_1.0 inch of verticalrelativemotion.

The mounting provisiontothe carriermust allow forthe d:0.050 inch selfalignment

capabilitywhileonly permittinga small amount _ 30 minutes)of angular travel. The

alignmentpins in theconnector faceplatemust provide the automated alignment laterally

and rotationallyas the ground carrieris raisedintl)thenominal position.

Each ofthe two 3-phase circuitswillconsistoffour No. 2-0 wires. The current

throughthe connector willbe carried by bussed No. 12 pins. Nine adjacentNo. 12

pins willbe bussed togetherto provide a No. 2-0 solderpot for the power cables,

The electricaldiscormectback-shelland faceptatewillbe purged with a positivegaseous

nit£ogenpressure. The back-shellwillincorporateKeUem grip strainrelief.

6.1.12 DATA BUS ELECTRICAL CONNECTOR. The data bus electrical connector

shall be separate from the electrical ground power co,_nector, The minimum require- ':/
ments are for a quantity of 12 Number 12 pins. This will be provided either by a shell
size 40 MS series connector or by an additional rectangular connector. The MS series
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connector proposed for use incorporates shells specially modified for automatic align-

ment as the ground carrier is raised to the nominal lX Sition. The temperature rating

of the insert material may prove to be too much of a handicap.

If the MS series is usedt it will provide adequate spares. If the Cannon rectangular
connector is used t it will provide more than adequate spares.

This connecter will incorporate carrier mounting alignment provisions and gaseous
nitrogen purge provisions as described for the electrical power connector.

6.2 SELEC_'ED ORBITER CONCEPT DEFINITIONS

The following paragraphs give a description of the salient features of the selected

orbiter integrated umbilical carrier concept. Appendix B lists the drawings which
have been prepared to detail this concept. Note that these drawings have been pre-

pared to design a prototype for testing of the handling and verification concepts only.

As such_ the design is not directly useable for a vehicle design but must be adapted
to the specific application desired.

6.2.1 HANDLING CONCEPT. The handling concept selected for the orbiter umbilical

carrier is the counterbalanced boom. In a manner similar to a desk lamp_ the boom
supporting the ground carrier is counterbalanced with springs to the extent necessary

to take the dead weight of the carrier_ couplings and hoses. With this boom properly
adjusted, the carrier will seek the nominal installed position. The installing personnel
will only have to overcome the friction brake on the main boom to engage the lower

two spherical end guide pins. Further force will then be required ¢o rotate the carrier
on the lower guides until the collet lock is engaged. Positive visual indication of collet
engagement is pro_-ided by the release pin when it is allowed to engage the expanding

collet fingers.

Ease of handling of the carrier may be further enhanced by using a spring suspension
support for the flex hoses at approximately mid-span. This will reduce the tendency

of the carrier to tip away from the vehicle thereby reducing the effort required of the
installing personnel. The design drawings do not reflect t_s suspension system as it
would be easier to determine the requirements on a working prototype system.

Nob_ that this handling concept does not require any auxiliary power or supporting

• systems to line up the ground carrier and engage the coUet locking device. The task
can very likely be done by one person, certainly by not more than two. When the

release pin snaps into position there is no possible doubt that the lock has been pro- i
; perly engaged.

The counterbalanced boom also provides the forces necessary to retract the carrier I

from the vehicle after it has been released and ejected. The tip boom balancing cylinder

6-10 i
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(opring balanced) will be pressurized in the center with 750 psig GN2 at the time of
carrier release. The resulting thrust load will cause the tip boom to swing down and

away from the vehicle.

At th_ same time, the main boom spring-loaded balancing cylinders (2) will be pres-

surized with 750 psig GN2. These cylinders will cause the main boom to swing up and
away from the vehicle. The combined action of the two booms will provide more than

adequate clearance from the vehicle for the swing arm to rotate away from the vehicle
path. Any one of the three cylinders will provide enough clearance for the swing arm
to rotate.

A back-up system to the primary release kick-off and retract system is provided by a
pneumatically-actuated lanyard. The direction of pull for the lanyard is directly away
from the vehicle and slightly above the centerline of the ground umbilical carrier. The
lanyard is attached to the collet locking mechanism release pin. If none of the primary

release system is functional, the backup lanyard will:

1) pull the collet lock release pin, thus unlocking the lock,

2) perform the kick-off function of clearing the ground carrier
from the vehicle carrier, and

3) retract the ground carrier far enough to provide clearance
for rotating the swing-arm to its retracted position.

6.2.2 CARRIER CONCEPT. The selected concept is Concept C and is described as

using ball and cone couplings with springs for low pressure and bellows for medium
pressure and pressure-balanced slip couplings for pressures over 500 psig. It is _

further described as having a coUet locking, device and a gear drive for connection

(pulling the carriers together after the coUet is engaged).

The foremost features of this carrier concept are the gear-drive collet locking-device

with .the coupled gear drive guide pins° Prior to attempting to engage the ground
carrier with the vehicle carrier, the collet lock and the four corner guide pins are

extended from the face of the ground carrier 2 1/2 inches. It is verified that the coUet •

is cocked and ready for engagement and that the release pin is extending from the rear

of the locking device.

When the carrier is properly positioned with any two of the guide pins in their spher:'cal
seats, the carrier may be rotated around those two guide pins until the coUet has entered

the locking ring on the vehicle carrier. As soon as the collet is through the locking ring,

the collet fingers will spread, allowing the spring loaded release pin to slide down be-

tween the fingers, locking the collet until the release pin is withdrawn.

6-11 i_"
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At this point, none of the couplings lmve started to engage. Thus, the installing per..
sonnel do not have to provide the effort necessary to overcome the spring rates and
seal friction of the couplings. The gear drive mechanism must be used to pull the
ground carrier up to the vehicle carrier to engage the couplings.

The coupled (synchronized) gear drive mechanism is powered manually with a standard

universal (flexible) drive socket with an extended speed-handle (crank-not ratchet).
Approximately 300 turns of the crank are required to move the carrier in the 2 1/2

inches to full engagement. As the gear drive mechanism on the collet locking device
pulls the ground carrier up to the vehicle carrier, the four corner guido pins are be-
ing pulled back into the carrier at the same rate. The carrier plates are thus held

parallel as the engaging forces of the couplings attempt to force them out of alignment.

At full engagement, the surrounding skirt of the ground plate and its interior compart-
ment walls will be sealed against the flat surface of the vehicle carrier. These walls
and skirts will form the separately purged compartments.

Note that this carrier gear drive engaging mechanism does not require any auxiliary

power or supporting systems to engage the couplings and pull the carrier plates to-
gether. This task can be accomplished by one person in four to five minutes.

To release the collet locking device 750 psig GN2 will be used to pull the collet release
pin. The pneumatic pressure will be supplied to the cylinder through redundant ports,

check valves, hoses, solenoid valves and reservoirs. The four corner guide pins also

incorporate kick-off pistons and will be pressurized with 750 psig GN2 which is routed
to the kick-off cylinders from separate ports connected to the release pin cylinder.

Thus, the pressure must be applied to the release cylinder before the kick-off cylinders
can be pressurized. This assures that the collet will be unlocked before the kick-off
cylinders apply additional load to the collet making it more difficult to unlock.

The carrier may be manually disconnected from the vehicle if desired by reversing
the connection procedure using the gear drive.

_ Another feature of the carrier and coupling design i_ that an individual coupling may be
removed from the carrier without separating the carrier from the vehicle.

6.2.3 LEAK DETECTION SYSTEM. In order ,*o verify in a minimum amount of time
that the couplings have been engaged properly a convenient leak detection system is
built into the ground carrier. The operational leak detection system proposed is an

ultrasonic sound detection system. For the prototype system an additional leak detec- _ I
tion _ystem will be installed that will quantitatively measure leakage from the tell-tale

connection located between the primary and secondary dynamic coupling seals. Use of !

this prototype leakage measuring system will provide for calibrating the operational
ultrasonic system.

} 6-12 i
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The ultrasonic system will utilize piezioelectric crystal transducers mounted in a con-

tact mode, i.e. p they will respond to the ultrasonic energy being conducted by the body

of the coupling rather than the ultrasonic energy in the surrounding atmosphere. The

ultrasonic energy being picked up, if any, will be the energy being produced by tracer
gas leakage past the primary dynamic _Alo

By 1 _ountlng a separate transducer on each coupling the task of discriminating a detected

leak will be much simpler than trying to search with a hand-held airborne 1 sound probe
or with several fixed airborne sound probes, In addition, the contact probes eliminate
the attenuation factor_ associated with trmmmitting the ultrasonic vibrations in the

coupling body into the air and then picking them up with a microphone (airborne sound
probe).

Each of the miniaturized contact probes will require a miniaturized signal conditioning

circuit mounted nearby to transmit the transducer output to the remote switching and
audio detection circuitry. It is planned to use a simple audio (speaker) output and an

audio analyzer (CRT) calibrated to known leakage rates for each coupling for the initial
installation. It is conceivablothat more sophisticated computerized audio snalysis

techniques may be incorporated into the ground checkout software as the Space Shuttle
Launch Processing System matures.

6.2.4 FLEXIBLE HOSE INSTALLATION. Included in the prototype design are the

flexible hoses requird to allow the degree of freedom of movement required of the

ground umbilical carrier. The ground carrier must be free to be retracted away from
the vehicle far enough for swing-arm rotation. It must also be free enough to allow
carrier engagement by not more than two operating personnel with the aid of the coun-

terbalanced boom. And, it must also be free to track the vehicle relative motions after

the ground carrier has been engaged with the vehicle carrier.

It is intended that all hoses and couplings be installed in the ground carrier at the time

' that the carrier is er,gaged to the vehicle. This will ensure the minimum time expendi-
ture in connecting the ground services to the vehicle.

Although not shown on the prototype design, it is intended that the mid-span of the hoses

be supported by a spring suspension system. This will provide load relief during the
manual engagement of the ground carrier.

6.2.5 BALL-AND-CONE COUPLING, 2 IN. DUAL SEALS. This coupling is used as

a gaseous hydrogen vent connection (2 places) and a JP-5 fill conr_ection (1 place). It /
is a nominal 2 inch raze j incorporates dual ball and cone coupling seals, has debris li

poppets, and has a leak detection/measuring telltale tubing top between the primary ii

and secondary coupling seals. !i_!

1airborne - refers to sound transmitted through the surrounding air and does not
refer to v_htcle borne (airborne) equipment.
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Each of the coupling seals receives an initial compressive load due to the spring rate
of the integral bellows sections. As internal pressure is increased, the bellows will

generate a thrust lead due to pressure. This additional thrust provides a greater com-
pressive load for the coupling seals. Since the thrust load reaction on the primary
seal tcnd_ to decrease the secondary seal compression, the secondary seal bellows

ha_ a larger effective diameter in order to assure that the compressive load on the
secondary seal increases with increasing internal pressure.

6,, 2.6 PRESSURE BALANCED COUPLING, 1 IN., HIGH PRESSURE. This coupling
is used as a high pressure gaseous helium fill connection (1 place). It is a nominal
1 inch size and incorporates sliding coupling seals, a debris protection poppet, and
a debris protection sleeve. Since the fluid being handled does not provide a hazardous

vapor, dual seals are not provided. The tubing connection is for the purpose of venting
the force balancing cavity to ambient pressure.

6.2.7 BALL-AND-CONE COUPLING, 1 IN. t DUAL SEALS. This coupling is used as

an EC/LSS (water/glycol) supply and return connection (4 places), a gaseous oxygen
vent connection (2 places), a full cell gaseous hydrogen purge vent (1 place), a JP-5

tank pressurization connection (1 place), and an auxiliary propulsion system gaseous
hydrogen accumulator vent connection (1 palce). This coupling incorporates the same
features as the 2 inch coupling except it is scaled down to 1 inch.

6.2.8 BALL-AND-CONE COUPLING, 1 IN., DUAL SEALS, VACUUM-JACKETED.

This coupling is used as an LH2 fill connection (2 places) and an LO2 fill connection
(2 places). It is a nominal I inch size and incorporates dual ball-and-cone seals, full

vacuum-jacketed insulation, debris protection poppets, and a leak detection/measuring
telltale tap between the dual seals.

The seals are compressed by a spring and a bellows in the ground half and by a bellows

in the vehicle half. The vehicle bellows loads the primary seal and the spring and
bellows in the ground half load the secondary seal. Since the primary seal compression
tends to relieve the compression in the secondary seal, the bellows loading the second- •
ary seal ha_ a larger effective diameter than the vehicle half bellows.

The vacuum jacket is not continuously pumped. It will be evacuated and baked and
sealed off.

6.2.9 BALL-AND-CONE COUPLING, 1/2 IN., SINGLE SEAL. This coupling is used
" as a fuel cell gaseous oxygen purge vent (2 places)and a fue[ ceil water vent (1 place). _

It is a nominal 1/2 inch size and incorporates a single ball-and-cone seal and debris

poppets. Compression force for the low-pressure coupling seals is provided by a
spring only. _

6-14
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ill!i ,: APPENDIX A

i!;
"_= LIST OF BOOSTER UMBILICAL DISCONNECT

i_!i DETAIL DRAWINGS

_;!_!_ Sheet
_!:_ DWG. NO, TITLE Quantity__ Size

:.%.;_,¢:,

_,!_:_i? SK-DE-0020 Booster Umbilical Disconnect Panel
:_:_._ Prototype System J 1

_ :_, SK-DE- 0021 Extend/Retract System
_:<_:_:_'_' (Spec Control Dwg) J 2

SK-DE-0022 Extend/Retract System (Procurement/
Development Specification A

SK-DE-0023 Parallelogram Assy. Ground Carrier
Support J 1

SK-DE-0024 Shield Assembly, Ground Carrier J 3

SK-DE-0025 Actuator, Shield Assy.
(Spec Control Dwg) J 1

SK-DE-0026 Actuator, Shield Assy. (Procurement/
Development Specification) A

SK-DE-0027 Flex Duct, Liquid Hydrogen
(Procurement/Development.
Specification) A

sK-DE-0028 Coupling Assy. LH2, J 1
I0 inch, Booster C 60

SK-DE- 0029 Coupling Assy. JP- 5 J 2

SK-DE-0030 Coupling Assy. GH2 J 2

SK-DE-0031 Coupling Assy. GHe J 1

SK-DE-0032 Coupling Assy. GN 2 J 1

,- SK-DE-003_ Disconnect Assy. ElectricalA_2Power. i__' J 1 i
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APPENDIX A (Contd)

LIST OF BOOSTER UMBILICAL DISCONNECT
DE TAIL DRAWINGS

Sheet
DWGo NO. TITLE Size Quantity

SD-DE-0034 Disconnect Assy. Data Bus J 1

SK-DE-0035 Coupling Assy. Hydraulic J 1

SK-DE-0036 Vehicle Carrier Assy. J 2

SK-DE-0037 Ground Carrier Assy. J 2

SK-DE-0038 Propellant Hose Installation J J

SK-DE- 003 9 E lectrical Cable Instl. J 1

SK-DE-0040 Leak Detection _System Instl. J 1

A-3 i
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APPENDIX B

LIST OF ORBITER UMBILICAL CARRIER
DETAIL DRAWINGS

DWG° NO. TITLE Sheet
Size Quantity

SK-DE-0001 Orbiter Umbilical Carrier
Prototype System J 1

SK°DE-0002 Boom Assy. Umbilical Carrier F 1
Handling C 9

SK-DE-0003 Assy. Ground Umbilical Carrier F 3

SK-DE-0004 Assy. Vehicle Umbilical Carrier F 2

SK-DE-0005 Assy. Secondary Eject Cylinder F 1
C 3

SK-DE-0006 Plate, Umbilical Carrier, Vehicle F 1

SK-DE-0007 Guide Pin Assy. F 1

SK-DE-0008 Locking Device Assyo F 1

SK-DE-0009 Coupling Assy. LO2/LH 2

SK-DE-0010 Coupling Assy.

SK-DE- 0011 Coupling Assy °

SK-DE- 0012 Coupling Assy.

SK-DE-0013 Pneumatic Controls Instl. F 2

SK-DE-0014 Propellant Hose Instl. F 2

SK-DE-0015 Leak Dete_Uon System Instl. F 2 i

B-2 i
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APPENDIX C

CALCULATION WORK SHEETS
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